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Bird’s Eye View, Showing the Vast Area, 2.050 Feet by 500 Feet, Which is Being Excavated to a Depth of 50 Feet, Necessitating the Removal of 2,000,000 Cubic 
Yards of Material. 


ACRES OF VALUABLE LAND IN THE HEART OF NEW YORK CITY LAID WASTE FOR THE NEW PENNSYLVANIA RAILROAD STATION. 
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THE EXCAVATION FOR THE PENNSYLVANIA 
RAILROAD STATION, NEW YORK. 


Ir the reader will turn to the front page engraving 
he will get a clear idea of the form and size of the 
vast hole which is being dug in the heart of New York 
city to make way for the Pennsylvania Railroad. The 
excavation, which forms a parallelogram, includes two 
large city blocks. It is bounded on the north by 
Thirty-third Street, on the south by Thirty-first Street, 
on the west (the farther end of the excavation as 
shown in the picture) by Ninth Avenue, and on the 
east, immediately in the foreground, by Seventh Ave- 
nue. Since the original dimensions were determined 
upon, however, two additions have been included—one 
on the southerly side, and the other on the easterly 
end. The southerly addition consists of a square plot 
for a power house measuring 90 by 160 feet. The 
easterly addition measures 250 by 200 feet. It 
extends from Thirty-second to Thirty-third Street, 
and it was purchased in order to afford accommoda- 
tion for the convergence of the tracks where they leave 
the station to pass by two tunnels under Thirty-second 
and Thirty-third Streets, below Manhattan Island and 
the East River, to Long Island City. The total length 
of the excavation, including this last-named addition, is 
2,050 feet, and its width is 500 feet. The total depth 
to which it must be finally excavated is 45 feet at the 
easterly end and 60 feet on the Ninth Avenue end, the 
average depth being about 50 feet. The total amount 
of material to be taken out is 2,000,000 yards, of which 
about one-half is rock. 

As one looks at the long stretch of desolation pre- 
sented by the station site to-day, it would be easy to 
suppose that either fire or a tornado had swept it bare 
of human habitation. Only three or four years ago the 
site was covered with over four hundred houses, stores, 
and other buildings, and was filled with some five or 
six thousand souls. The preliminary work of clear- 
ing away the buildings was not by any means the 
smallest task connected with the preparatory work 
for the new terminal station. The site once cleared, 
the work of excavation was of a very straightforward 
character and consisted of drilling, blasting, and steam 
shovel work. It was on July 1, 1904, that the cleared 
ground was ready for the New York Contracting Com- 
pany, who had the job of excavation in hand, to com- 
mence operations, 

Among the first portions of the work to be attacked 
was that of building the massive concrete retaining 
wall which runs entirely around the excavation. This 
is a big task in itself; for the wall is everywhere car- 
ried down to rock and for much of the distance ex- 
tends to the full depth of the excavation which, as will 
be seen, averages 50 feet. The top of the wall is every- 
where 5 feet in width, and it is built on a batter which 
brings the width in the deepest portions of the wall 
to an extreme base of 30 feet. 

One of the problems which had to be met was that 
of maintaining the important thoroughfares which 
cross the station site. The principal of these is Eighth 
Avenue, and it was necessary, as the excavation pro- 
ceeded, to build a massive trestle work with which to 
support not only the full width of the roadway, but 
the heavy sub-structure of the underground trolley 
electric road. Similar provision had to be made for 
Seventh Avenue, on that part of it which crosses the 
northeasterly addition to the excavation already re- 
ferred to. 

The problem of removing the 2,000,000 yards of ex- 
cavation was a serious one in itself, and it will in- 
terest our readers to know that not a single cartload 
has been taken through the streets of New York city, 
the whole of it having been hauled by locomotives to 
the North River and dumped into scows to be disposed 
of on the Jersey shore. For handling the material a 
new wharf was built at the foot of Thirty-second Street 
and the North River. Along the wharf was construct- 
ed an elevated railroad which was extended through 
Thirty-second Street to about the middle of the block 
between Ninth and Tenth Avenues. At this point the 
tracks were carried down to, and under, Ninth Ave- 
nue, and into the station excavation. The whole of the 
work is covered with working tracks, which are shift- 
ed from time to time as the excavation proceeds, and 
all of these tracks converge to the deep cut below 
Ninth Avenue. The material is loaded upon the cars 
either directly by steam shovels or derricks, and the 
loaded trains are hauled out to the North River dock, 
where the material is dumped into the chutes and dis- 
charged into the waiting scows. It is then towed down 
to Greenviile on the Jersey shore of New York bay and 
used for filling in the huge freight yard, which the 
company is constructing at that point. 

The force employed on the work has varied accord- 
ing to the conditions, nature of material, etc. The 
maximum force employed was about two thousand men, 
of which two-thirds were employed in day work, and 
the other third at night, and as much as 125,000 cubic 
yards a month has been taken out. At present the 
work is almost entirely rock excavation, and for this 
a total of about 700 men, including drillers, blasters, 
trackmen, etc., is engaged. Between sixty and sev- 
enty per cent of the work has been completed. As 
soon as the excavation has been carried down to grade, 
the steel columns will be erected and the steel and 
concrete floors put in place. When this work has been 
brought up to street level, the walls of the great sta- 
tion proper will begin to go up. It is the object of 
the company to so time the progress of the various 
sections of the work that no portion will have to walt 
upon any other, and the whole of this stupendous 
scheme of tunnels, terminal yards, and passenger sta- 
tion may be brought to completion with the least loss 
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of time and money through the enforced idleness of 
plants or delay of working forces. 


THE FIRST RAILWAY IN AMERICA.* 
By E. W. Hiteert. 


In the year 1790, Thomas Leiper and John Wall, 
wealthy and respected citizens of Delaware County, 
Pennsylvania, supported by a petition from the stone- 
cutters and masons of Philadelphia, brought before a 
meeting of the Assembly a project for the construction 
of a canal, along Crum Creek, in Ridley Township, for 
the purpose of completing a navigable communication 
between Leiper’s quarries on Crum Creek and the Dela- 
ware River, a distance of little over a mile. Mr. Leiper 
also desired the privilege of cutting a canal from the 
flowing of tide in Crum Creek to Mclivain’s mill-dam, 
in order to cheapen the cost of transportation of his 
stone from the quarries to tide-water. 

The mechanics were all of the opinion that Mr. 
Leiper’s stone was the best ever produced in the neigh- 
borhood of the city, and that the building of a canal 
would be of the greatest advantage to the general pub- 
lic. At the next meeting of the Delaware County As- 
sembly, however, the law which was sought from the 
legislature was refused. Mr. Leiper, thus foiled in his 
favorite plan, afterward universally acknowledged to 
have been expedient and wise, began to look around fer 
some other means by which he could transport his 
material, but it was not until the year 1809 that his 
scheme for constructing a tramway was first proposed 
as a means of connection between his quarries and 
tide-water in Ridley Creek, and this railway will ever 
be distinguished as the first ever built in America. 

In May, 1809, Leiper made an estimate for a railway 
% of a mile long. He figured accurately the cost of 
that distance of railroad to be built of wood and 
found it to amount to, including the survey, about 
$1,592. While cherishing this project, he wished to see, 
however, before carrying his plan into execution, 
whether the idea was a feasible one or not. He there- 
fore employed a millwright from Scotland, named 
Somerville, to lay a temporary track in the yard of 
the old “Bull’s Head” tavern, Second Street, north of 
Poplar Lane, Philadelphia, and the Aurora, September 
27, 1809, gives us the following interesting account of 
the experiment: 

“We have the pleasure to inform the lovers of do- 
mestic improvements that a satisfactory experiment, 
at which we were present, was lately made in this 
city by Mr. Thomas Leiper of the great utility of rail- 
ways for the conveyance of heavy burdens—an im- 
provement which a few years ago was introduced into 
England—as in many cases a cheap and valuable sub- 
stitute for canals. In the above experiment a railway 
was laid of two parallel courses of oak scantling, about 
four feet apart, supported on blocks or sleepers about 
eight feet from each other. On this railway, which 
had an ascent of 1% inches in a yard, a single horse, 
under the disadvantage of a path of loose earth to walk 
on, hauled up a four-wheeled carriage, loaded with the 
enormous weight of 95% hundredweight, or 10,696 
pounds.” 

Mr. Leiper was entirely satisfied with the result of 
this his first experiment, and began at once to push 
forth the scheme he had inaugurated, and had the 
following advertisements printed: 


“RAILWAY. 


“I wish to contract for the digging part of a railway 
from my quarries on Crum Creek to my landing on 
Ridley. The distance and level has been accurately 
ascertained by Mr. Reading Howell, engineer; the dis- 
tance is exactly three-fourths of a mile, and an accu- 
rate statement of the quantity of digging required may 
be seen from the plot in my possession, calculated by 
Mr. Howell. I also wish to contract for the making 
and laying the rail part of the same, consisting of 
wood, a specimen of which, as furnished by Messrs. 
Large and Winpenny, may be seen by applying to them 
at their manufactory, adjoining the ‘Bull’s Head’ in 
Second Street, in the Northern Liberties. The scant- 
ling for the above will be furnished on the ground. I 
wish to progress in this work immediately. For more 
particular information apply to George G. Leiper, on 
the premises, or to Thomas Leiper, tobacconist, No. 274 
Market Street. 

“September 27th, 1809.” 


“LABORERS WANTED. 

“Leiper’s Snuff Mills, on Crum Creek, October 28th, 
1809. I have contracted with Thomas Leiper, for the 
digging part of his railway, from his stone quarries on 
Crum Creek to his landing on Ridley Creek. The 
work is now progressing, which I find to be a very 
easy process, for three yoke of oxen can plough from 
10 to 15 inches deep, which I am to have the use of 
for the whole of the contract; from that circum- 
stance nothing but shovels will be required for three- 
fourths of the way. Laborers who wish to engage 
will please apply to John Bryce, on the premises. 

“November ist, 1809.” 

The draft of the road was made by John Thompson, 
and the work of building and grading was finished 
early in the spring of 1810. It began on the south 
bank of Crum Creek, opposite the old sawmill at Avun- 
dale, and terminated near the bend of Ridley Creek 
near Irwin’s factory, at that time the property of the 
late Pierce Crossby. The ascents were graded inclined 
planes, and the superstructure was made of white oak 
with crossties and string pieces. 

The road was built upon an ascending grade of 167.2 
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perch at a rise of a little over % of an inch to t!e 
yard to a dividing summit, thence it descended 47 
perch at about 4 inch to the yard, thence to i)» 
terminus 79.65 perch, at about 1144 inches to the yar |. 
The entire length 3344 perches, or one mile 11°, 
perches. The total rise was about 63 feet. The toi.! 
descent some 5 or 6 feet more. The wheels of the cars 
and trucks were made of cast iron with flanges. T)- 
road after it was finished in 1810 continued in u:« 
until 1828, when it was superseded by a canal, aft 
the plan first made by Mr. Leiper but not carried in: 
effect until three years after his death. 


GAS-ENGINE IGNITION. 


THERE are at present two methods of electric igni- 
tion in general use for igniting the charge in a gas 
engine, and these are known as the make-and-break 
method and the jump spark method. There is now 
very little argument in connection with the great su. 
periority of electric ignition over the old porcelain 
tube methods. In connection with these two systems 
of electric ignition there were some interesting re- 
marks recently published in Gas Power, from which 
we abstract some of the main features. 

In the make-and-break spark, starting from the bat- 
tery, one wire goes direct to the spark-plug, which 
consists of a central metal stem to which the wire is 
fastened. This stem passes through and is fastened 
in some insulating material, either a porcelain tube 
or a tube composed of mica washers; the insulating 
material, in turn, for part of its length is held by a 
metal ring something like a hollow bolt, the threaded 
part of the bolt being screwed through the cylinder 
wall. 

From this description it will be seen that the idea 
aimed at is to provide a place where, without chance 
of leakage of the gas, a wire or piece of metal may 
reach from the outside of the engine to the inside of 
the combustion space without touching the metal of 
the engine. The wire going through the insulation 
is called the insulated terminal, and the whole device 
of which it forms a part is generally cajled the spark 
plug. 

The other wire from the battery goes through the 
spark coil, and from the spark coil to the metal of 
the engine. Now, if any piece of the engine be made 
to touch the inside end of the insulated terminal in- 
side the cylinder, the current will flow and a spark 
will be made when the points are separated again. 

For this kind of a spark the coil used is simply a 
length of insulated copper wire wound around a bun- 
dle of soft iron wires. The coil is not absolutely 
necessary in the producing of a make-and-break 
spark, but its use is important in that it only demands 
about one-twentieth as much current as would be 
needed if no coil were used. 

The idea involved in the coil is that it is capable 
of taking up and releasing suddenly a given quantity 
of current. When a contact is made, this current 
comes from the battery in what we might call a 
stream—too fine to make of itself a big enough flash 
to light the mixture. The coil stores this current, 
or at least a part of it, for a very small fraction of a 
second, and when the contact is broken, it gives this 
current back in a flow that is many times heavier 
in quantity and pressure, but which lasts but an in- 
stant. 

The idea is not very different from filling a bucket 
from a faucet and then opening the entire bottom of 
the bucket, the size of the spark being comparable to 
the rate of flow from the faucet, and the rate of flow 
at the instant of releasing the water. The coil does 
not, of course, actually store the current in the wire, 
but the current flowing around the coil of wire makes 
a magnet of the iron core, and the instant the flow 
of current from the battery is broken, the iron gives 
up its magnetism, and in thus giving up its magnet- 
ism it makes a powerful instantaneous current in the 
copper wire. 

The two terminals of the wire are brought together 
and separated inside the cylinder. This means that 
there must be some moving part, like a stem with a 
foot or rocker-arm, passing from the outside of the 
cylinder to the inside. 

Of the make-and-break system of ignition the chief 
advantages are, first, the tension or pressure of the 
current being low it is less liable to derangement 
from leakage of the current. For even the insulated 
terminal in the make-and-break igniter does not need 
near such perfect insulation as does a jump spark plug. 
The second advantage is that the arrangement is me- 
chanically and electrically more simple; easier for 
the beginner to understand. 

Recent improvements in every detail have been 50 
great that there is now little question but that jump- 
spark ignition outfits give much better service as 4 
whole than most make-and-break igniters, even where 
the engines are exposed to the weather and dampness. 

The difference between the jump-spark plug and the 
insulated plug used for primary ignition is that, firs! 
the central stem in a jump-spark plug is much beticr 
insulated. Secondly, the central stem is not touched 
on the inside of the cylinder to get the spark. !- 
stead, there is a small space left between it and ‘he 
end of a small wire which is in metallic contact wi'h 
the engine. 

From the jump-spark coil the force of current gener: 
ated is such that it will jump a spark across quite 4 
gap from one wire to the other. The wire in ‘he 
plug, therefore, has to be insulated with extraordinary 
care, for the voltage is so high that the current would 
leak through any ordinary insulation. The w''é 
through which the current flows from the coil to (é 
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is seldom one-sixteenth of an inch in diameter, 
pat is «overed with sometimes as much as five layers 
of rubber and cloth, and is finally encased in a tube 
of yulc:nized fiber, which brings the outside diameter 
up to «out half an inch in size. 

To «| an elementary idea of the jump-spark method, 
jet us return to the idea given in explanation of the 
primar’ make-and-break coil, It was explained that 
when ‘he current from the battery was broken, the 
jron core lost its magnetism, and in so doing it induced 
a powerful current in the winding on the coil. The 
number of turns of wire necessary to get a jump 
spark 1s great, and the amount of space in which it 
may > wound is so small that exceedingly fine wire 
must »e used. It is, in fact, not much bigger than a 
pair, «nd a half-mile or so in length; so that the re- 
sistance offered by it is so great that if the battery 
were coupled to it so little current would get through 
jt that the core would not be magnetized. There are, 
therefore, two separate windings used on a jump- 
spark coil. Electrically they are entirely separate 
from each other. 

One of these windings is the fine wire spoken of in 
which the jump-spark current is formed. The other 
is a winding of much fewer turns of quite coarse wire, 
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through which the current from the battery flows. 
This coarse winding is the nearest to the core, and is 
Senerally only about two layers. 

When the current flows through the coarse winding 
it magnetizes the core, and when the current is broken, 
the sudden loss of magnetism generates a current in 
the fine wire of such tremendous power that it will 
jump across the air gap, usually about \& inch between 
the points of the spark plug, thus making a spark in 
the cylinder without having any moving parts subject 
to the cylinder’s neat. This is the chief advantage of 
this system of ignition. 

A second advantage is that it offers a simple method 
of varying the time of the spark, so that the engine 
May get the best results out of the fuel. From what 
has been so far explained, it will be seen that with a 
jump-spark coil, there are two separate and distinct 
electric} circuits; the primary or low-tension one, 
which com 2s from the battery and goes through the 
Coarse winding of the coil—it is this circuit which is 
alternately opened and closed by a contact breaker, 
Such as a cam mechanism on the engine—and the 
Secondary or high-tension current induced in the fine 
Wire ond led to the plug to make the spark. The 
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usual arrangement of cams does not break the cir- 
cuit suddenly enough for best results; so most coils 
are supplied with a buzzer on the coil. This buzzer is 
in the same circuit with the battery and the cam on 
the shaft. The idea of the buzzer is to make and 
break the current more suddenly than can be done 
with the cam. The buzzer, or vibrator as it is some- 
times called, consists of a little piece of iron mounted 
on a flat spring. This piece of iron, called an arma- 
ture, is held near the end of the iron core of the coil, 
so that when the core becomes a magnet, it draws 
down the armature spring and in pulling the spring 
down breaks the current. 


[Concluded from No. 1597, page 25504.) 
WITH THE BALTIC FLEET AT TSUSHIMA.* 
By Lagur. R. D. Wurre, United States Navy. 

TAKING advantage of the thick weather the Russians 
turned south at 4:15, then west at 4:35, and shortly 
after 5 headed once more for Vliadivostock, having 
completely shaken off the enemy by the maneuver. 
The Japanese, seeing the Russians turn south at 4:15, 
swung to the south on a long radius and advanced in 
pursuit, but soon lost the enemy in the haze, After 
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the line, turned on her side, then capsized and sank, 
going down at shortly after 7 o'clock. The “Borodino,” 
which led the column, was next to be singled out. At 
7:15 there was a terrific explosion in her magazine. 
She turned over right in her place in line and sank in 
a few minutes. The “Orel,”’ sheering out to clear the 
“Borodino,” became the target next. It lasted eight 
minutes, but in that time the “Orel” received fifteen 
12-inch shells, practically two per minute. A fire had 
broken out in the Admiral’s quarters on her, the blaze 
making a splendid bull’s-eye for the Japanese gunners, 
something clearly defined being much needed in the 
fast-fading light. 

The “Nicolai” now turned sharply to the west, fol- 
lowed by the rest of the fleet in general disorder. 
Seeing this, the main Japanese division, which had 
drawn well ahead of the Russians, executed “ships 
left” to make way for the torpedo boats that swarmed 
in from the north, east, and west—perhaps a hundred 
of them, “rushing back and forth,” as a Russian said, 
“like so many dogs.” 

The description of the fight between the light cruiser 
squadrons has been generally omitted as it at no time 
affected the tactics or result of the main battle. This 
much may be said, however: At the beginning of the 
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running thus for eight miles and finding only special 
service ships and some light cruisers, they turned to 
the northward once more in search of larger game. 

During the absence of the opposing force some 
changes had taken place in the Russian formation. 
The “Alexander III.” had fallen out of line but had 
got back again, falling in astern of the “Senyavin,” 
and the “Admiral Nachimoff” had dropped to last 
place in the line. Some time after five o'clock they 
were overtaken by a destroyer flying Admiral Rodjest- 
venski's flag and a signa! for Admiral Nebogatoff to 
take command—the first signal that had been sent by 
the Admiral since the fight began. 

The course was once more to the northeast with a 
front apparently clear and hopes of escape ran high, 
when at 6 o'clock the main division of the Japanese 
fleet appeared on the starboard quarter and opened a 
well-directed fire on the “Alexander III.” The world 
may well admire this firing. In spite of the 6,000 
yards of range the precision was wonderful. Nothing 
could have withstood this bombardment long. The 
“Alexander III.,” heeling well to starboard, soon left 


* Reprinted from the Proceedirgs of tte Naval Institute. 
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camp JAPAWESE MAIN SQUADRON / 
ARMOURED CRUISER SQUADRON WHEN SEPARATED FROM MAIN SQUADRON y 
RUSSIAN SPEED 9 KNOTS 
JAPANESE “ 16 “ EXCEPT FROM 3.40 TO 4.15 WHEN IT ALTERNATED 0 ANO 16 KNOTS ene oe” 


fight three Japanese squadrons were sent to the south- 
ward to attack in the rear. The attack was made and 
the Russian cruisers and special service boats were 
scattered. About 5 o’clock the heavier Russian ships 
were able to assist the cruisers and inflict some dam- 
age on the light Japanese cruisers, principally on the 
“Kasagi.” Then for some time, after 6 o'clock, as the 
Russian fleet fled northward, Kamimura’s squadron 
fired on the Russian light cruisers, but none were sunk. 

Much has been written of the attacks of the torpedo 
boats during the night which followed the battle. The 
principal success of these attacks lies in the fact that 
the crews of the Russian ships, already exhausted from 
the day’s work, were kept on the alert till well into 
the night. Torpedoes were often fired but generally 
the flash as the torpedo left the tube disclosed the pres- 
ence of the attacking boat; and the “Nicolai” always 
headed up directly for the flash, a maneuver of ques- 
tionable value. She was not hit at all, nor was the 
“Orel,” although one torpedo was seen to pass close 
to her bow. The “Sissoi Veliki,” having during the 
day been struck by many shells in the forward part, 
was badly down by the head and could only make four 
knots. To her good fortune she was struck by a tor- 
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pedo aft. The consequent admission of water sub- 
merged her screws, after which she was ‘able to make 
twelve knots. She was sunk next day by her own 
crew by opening the sea valves, the crew having taken 
to the boats. The one trophy due these attacking 
boats is the “Navarin.” Surrounded by probably twen- 
ty boats she succumbed to four torpedoes after several 
hours’ resistance. 

Good as was the nerve on the Japanese battleships, 
it seemed even better on the torpedo boats. In one in- 
stance a searchlight beam disclosed the captain of a 
Japanese boat with his chin in his hand, his elbow on 
the bridge rail, his whole attention apparently ab- 
sorbed in a large cigar which he was smoking. His 
boat was quickly sunk. Generally each boat stopped 
dead in the water to launch its torpedo, then steamed 
away firing with all its guns at the bridge and other 
exposed parts of the ship attacked. As for the Russian 
boats, they only served to add anxiety to the already 
harried crews of the Russian ships, for it was most 
difficult to distinguish between friend and foe. The 
“Sissoi Veliki’ sighting a questionable destroyer dur- 
ing the night made the private signal. The signal was 
craftily returned by the boat, which was Japanese. 
Thus deceived as to its identity she allowed it to ap- 
proach within 200 yards. The result has already been 
described. 

At the end of the first day, when Admiral Togo with- 
drew his main squadron from the engagement, he di- 
rected his whole fleet to assemble on the following 
morning at Ul-leung Island, well to the north of the 
scene of the first day’s fighting. This was done and a 
second cordon was formed through which the Russians 
would have to break to reach Viadivostock. So it was 
that Admiral Nebogatoff with the remnant of the great 
fleet found himself completely surrounded by the ene- 
my at 10:30 A. M. second day. He was steaming north- 
east, the “Nicolai” leading, followed by the “Orel,” the 
“Apraxsin,” the “Senyavin,” and the “Izumrud.” The 
day was bright and clear—ideal for good gunnery. At 
10:30 the Japanese opened fire on the “Nicolai” with 
the “Kasuga,” which was lying on the “Nicolai’s” port 
bow somewhat over 10,000 yards distant. The first 
shot went over, the second fell short, and the third 
struck the “Nicolai’s” smokepipe. Several hits fol- 
lowed. There was no resisting. Four battered, be- 
labored ships lay opposed to twelve fresh, practically 
uninjured ones; and one of that twelve was now hitting 
at a range which only one gun in the Russian ships 
could reach, and that gun was badly handicapped in 
its service. Russian crews were exhausted. Ammuni- 
tion was very searce. What was there left to do? 
Nebogatoff surrendered—who can say unwisely? 

Thus ended the organized fighting. It was now 
simply a question of clearing the battlefield, pot-hunt- 
ing as it were, for already crippled game. A short 
history of each ship best tells the story. 

The “Kniaz Suvaroff,” flagship of Admiral Rodjest- 
venski, completely disabled by gunfire and sunk as a 
result of gunfire and torpedoes at 7:15 P. M., first day. 
Her complement numbered over 900. Only the admiral 
and his personal staff are known to have been saved. 

The “Alexander III.” disabled and sunk by gunfire. 
Sunk at 6:55 P. M., first day Complement about 900. 
Only three known to have been saved. 

The “Borodino,” sunk by gunfire and an internal ex- 
plosion at 7:20 P. M., first day. Complement about 900. 
Only one man known to have been saved. After the 
ship had capsized this man groped his way to a gun- 
port, escaped through it, reached the surface and clung 
to a piece of wreckage till he was picked up and made 
prisoner. After the “Borodino” capsized she floated 
for some time bottom upward. About fifteen of her 
crew climbed on her bottom and waved wildly as the 
ships that had been astern of her passed, but it is be 
lieved that none of them were saved. 

The “Orel,” terribly battered by gunfire. Surren- 
dered to the combined fleet second day. 

“Osliabia,” sunk by gunfire, at 2:52 P. M., first day. 

“Sissoi Veliki,” damaged by gunfire first day. Struck 
by torpedo during the night, sunk by opening sea 
valves on second day, the crew having taken to the 
boats. . 

“Navarin,” damaged by gunfire during the first day. 
Sunk by torpedoes at night. 

“Admiral Nachimoff,” damaged by gunfire first day. 
Further damaged by torpedoes at night. Floated till 
10:00 A. M. second day, when she sank. 

“Imperator Nicolai I.,” damaged by gunfire first day. 
Further damaged by gunfire second day. Surrendered 
to combined Japanese fleet second day. 

“Senyavin,” damaged by gunfire. Surrendered sec- 
ond day. 

“Apraxsin,” damaged by gunfire. Surrendered sec- 
ond day. 

“Oushakoff,” sunk by gunfire, principally from the 
“Iwate” and the “Yakuma” late in the afternoon of 
the second day. 

“Dmitri Donskoi,” damaged by gunfire first day. 
Pursued and fired on second day by Admiral Uriu’s 
squadron and the “Otawa,” the “Niitaka,” and three 
destroyers. Did not sink till the morning of May 29. 

“Viadimir Monomach,” damaged by gunfire first day 
and by torpedoes during the night. Sunk at 10:00 
A. M. second day. 

“Aurora,” “Oleg,” and “Jemptchug,” damaged by 
gunfire from Japanese light and armored cruisers first 
day. Escaped and reached Manila, where they were 
interned until the close of the war. 

“Svietlana,” sunk by gunfire, principally from the 
“Otawa” and the “Niitaka,” in the forenoon of the 
second day. 

“Igzumrud,” escaped but ran aground and was 
wrecked near Viadivostock. The accident was prob- 
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ably due to derangement of her compass by gunfire. 
“Almaz,” escaped to Viadivostock. 


THE LESSON. 


Gunnery and tactics must ever be the determining 
factors in naval battles between equal forces, This 
case is not an exception. The superiority in each was 
enormously with the Japanese. 

For their gunnery the Japanese deserve unstinted 
praise, particularly when one considers how bad it 
proved to be in the action on August 10, 1904. Since 
then no effort had been spared to bring it to a state 
of perfection. Many battle practices were held and 
the gunners did their regular tours of instruction in 
school on shore in spite of the service required. Tar- 
get practice was held just two days before the battle. 
Apparently every device known to further the science 
was used and with success. During the first day’s 
action the “Orel” was struck forty-two times by 12- 
inch shells and over a hundred by 6 and 8 inch shells. 
The “Suvaroff” must have been struck over a hundred 
times by 12-inch shells alone. Allowing a little over 
thirty-five each for the “Alexander III.,” the “Boro- 
dino,” and the “Osliabia,” since all were sunk out- 
right by gunfire, and each was subjected to the fire of 
the main division of the Japanese for some time, the 
total 12-inch hits amount to 250. The Japanese had 
sixteen 12-inch guns and one 10-inch gun whose hits 
may have been mistaken for 12-inch hits; in all, 17. 
it is hardly possible that these guns averaged more 
than seventy-five shots each, for the ammunition sup- 
ply could not well have been more than eighty rounds 
per 12-inch gun, and there seemed to be plenty of 
ammunition on board next day. Therefore, 1,275 shots 
may be considered the maximum fired. Granting that 
there were 250 hits it would mean that the twelve 
inch guns of the Japanese made 19.6 per cent of hits. 
They probably made more. Considering the range, 
which must have been near 5,000 yards, and the hazy 
condition of the atmosphere, this record is enough to 
make all who think, think hard. 

The Japanese, to be sure, had little to contend with 
in the way of interference. The “Mikasa” was only 
hit about four times, and a British captain is said to 
have sat unharmed throughout the battle, on her quar- 
terdeck in an armchair. And it will be remembered 
that Admiral Rodjestvenski’s only signal was to direct 
all fire at the “Mikasa.” Other ships were hit less. 
A well-directed fire from the Russian ships would 
have interfered with communications, might have de- 
stroyed points of control, and surely would have shaken 
to a certain extent the nerve of the gunners. 

With the Russians the gunnery was generally unde- 
veloped. This important feature seemed never to have 
received serious consideration. Two practices were 
had while the fleet was at Madagascar, but the range 
was short, the ammunition allowance meager, and the 
results unsatisfactory. A cruiser was sent out from 
the fleet once for the purpose of testing range-finders. 
Of two on a certain ship, one measured 8,000 yards 
while the other gave 12,000. No attempt was made to 
reduce the errors in these important instruments. 
When you consider that at 5,000 yards the range must 
be known to within 150 to insure hitting, the utter 
unpreparedness of the Russians is apparent. If the 
Japanese were spared the demoralization of receiving 
heavy fire the Russians were terribly visited with it. 
Fragments of Japanese shells striking short lodged in 
the bores of many guns, causing them to burst on 
firing. A shell being rammed on one of these frag- 
ments stuck in the powder chamber, afterward broke 
off and thus disabled the gun. A shell striking the 
edge of the “Orel’s” conning-tower cut ali tubes lead- 
ing direct to the battery. Excitement was flagrant. 
One Russian officer was known to whistle “full speed” 
to the battery, and “commence firing” to the engine 
room. The coal dust in crevices about the deck was 
stirred up by explosion and discharge and interfered 
with vision. Shells falling short of a ship deluged her 
with water, rendering her telescopes temporarily use- 
less. Everything of misfortune that could well happen 
did happen, and served to make bad gunnery worse. 

But good gunnery alone cannot win a battle. Ad- 
miral Sir John Fisher has said, “the man behind the 
gun is a great factor, but however good he may be. his 
services will be worthless unless he has an admiral 
who can put him in the right place at the right time.” 
The Japanese tactics were admirable and their man- 
euvers like clockwork in exactness. The first counter: 
march was so gaged as to bring the fleet into the most 
desirable position abreast the enemy. The tactical 
advantage at 2:30 is apparent even to the layman. 
The “ships right about” to cut off the Russian break 
to the rear at 2:50 must have been started within two 
minutes after the leading Russian ship had turned. 
This excellent maneuvering was of course made possi- 
ble by the poor Russian gunnery. Only one Japanese 
ship was forced to leave the line, and in no case was 
the speed of any Japanese ship impaired. All man- 
euvers were made in obedience to flag signals, which 
probably could not have been suecessfully made in the 
face of a well-directed fire. The ship to receive the 
fire was invariably designated by flag signals—in fact, 
they seemed to be signaling all the time. 

As to the Russian tactics, there were none. Admiral 
Rodjestvenski was wounded early in the battle and 
rendered unconscious, but even had he remained in 
possession of his faculties there is little reason to be- 
lieve that he would have proved a genius. He had his 
first practice maneuvers with his whole squadron the 
day before the battle. He had no councils of war, and 
if he had any plan of action it was not known even 
to his division commanders. Only one officer on his 
staff had received a military education. There were 
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only two signals made.by him during the battle, ang 
these have been quoted. 

What Admiral Nebogatoff would have done may only 
be conjectured. He was never in Admiral Rodjes: ven. 
ski's confidence, and was only on board the flavship 
once, then for fifteen minutes at Kamrahn Bay Ag 
the “Suvaroff” remained in sight flying her flax tij 
nearly 5 o’clock of the first day, Nebogatoff coul) not 
have, even had he so desired, assumed control of the 
situation. After the command had been turned over 
to him there was no more capping the head of his 
column, but the credit is due to the captains of his 
leading ships rather than to him. His one signa! wag, 
“Make the best of your way to Viadivostock. Course 
north 23 deg. east.” The question may well be asked, 
was there a fit man for the command in the Russian 
navy? Every Russian will answer, ““Ah, if Makaroff 
had been there!” but they will name no living man. 

It is easy to criticise, but only the brave may in. 
itiate. To Americans this battle is well worth study. 
ing; and all who run should read: “In time of peace 
prepare for war.” 

NOTES. 

The following information is of technical interest: 

The “Kniaz Suvaroff” sank right side up. The 
“Alexander III.,” the “Borodino,” and the “Osliabia” 
all capsized before they sank. This much may be 
said as to their capsizing: When they went into battle 
they displaced 1,800 tons more than they were designed 
for, most of which excess weight was above the center 
of buoyancy. The boats on the “Borodino” class 
weighed about 100 tons all told and were 40 feet above 
the water-line. These alone reduced the metacentric 


height by four inches, roughly. During the day of the 
battle 200 tons of coal were burned up and 180 tons 
of ammunition shot away, all from the very bottom 
of the ship. The seas entering through shot holes 
above the water-line together with water from the fire 
hose, which was kept flowing over the decks, and 
which ran through shot holes in the deck and collected 
on the battery deck, probably reduced the metacentric 
height to a minus quantity. 

This water from the fire hose had surprising heeling 
effect. When the “Orel” ceased firing at the end of 
the day she was heeling 10 deg.; when the water that 
had run through shot holes in the deck and collected 
on the battery deck had been pumped out, she recov- 
ered to 6 deg. 

Many shells landed on deck due to the angle of fall. 
Many landed on the roofs of turrets and many turret 
officers and pointers were wounded about the face and 
head by fragments of exploded shells. 

High Armor Necessary. 

The “Orel” had continuous armor around her fore- 
castle to a height of twelve feet above her water-line, 
yet great difficulty was encountered keeping water 
from coming through these holes in such quantities 
as to endanger her stability during the night after the 
first day’s fighting. 

Holes in the armor were easy to stop against water 
even if the armor was very thin, for each hole was 
little larger than the shell that penetrated, and such 
holes always had smooth faces, but when high-explo 
sive shells struck %-inch plating the holes were very 
large and were fringed by bent and twisted metal. It 
was very difficult to stop the latter class with plank- 
ing. The tumble home sides of these ships made it 
more difficult to fit planks over the holes. 

Very little armor sufficed to keep the shells out at 
the range used in this battle. Around the stern of the 
“Orel” is a casemate of armor 3 inches thick. It was 
not Krupp or Harveyized, simply cast or molded. It 
was struck by a 6-inch and an 8-inch shell, neither of 
which penetrated. 

Effect of Shell Fire. 

One shell striking a boat davit, and another striking 
an armor plate caused the metal to fuse and run. The 
metal cooled in the form of stalactites. 

An explosive shell striking a 6-inch armor plate on 
the side of the “Orel” near the bottom caused the plate 
to turn on its center of gravity, forcing its lower edge 
in and its upper edge out. 


‘ 
‘ 


An explosive shell striking the edge of an armor 
plate on a turret had the same effect. 

A plate on a 6-inch turret of the “Orel” was struck 
by a single shell. The plate had been fastened in the 
customary manner by eight bolts. All but three of 
these bolts sheared off and the three that held were 
badly strained. Doubtless this plate would have fallen 
off if it had been struck again. 
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A big shell struck an armor plate over a 6-inch case- 
pate gun on the “Osliabia.” The plate was bent back 
on the gun, jamming it in its carriage. 

Two shells hit the “Orel’s” conning-tower. The 


o 
hela 
obo 


former, <triking near the edge, caused the plate to 
turn in slightly, evidently weakening the support of 
the adjacent plate, for when a shell struck it it was 
forced in till its outer edge was nearly clear of the 
inner eige of the former plate. 

The foremast of the “Orel” was struck four separate 
times and remained standing. 

Ashell ricochetted and struck the edge of the roof of 
the conning tower, exploding as it struck. A flange 


of iron which surrounds the aperture was bent inward 
and cut all the voice tubes leading from the conning- 
tower but one. The remaining one fortunately led to 
the central station. 

One heavy gun, on the “Apraxsin,” I think, was 
struck fairly by a 6-inch shell. It made a dent that 
was noticeable in the bore. The gun was loaded and 
fired in spite of the dent. The shell seemed to iron out 
the dent and the fire was continued from that gun till 
the end of the day. 

Sights and Gunnery. 

All the telescopic sights used by the Russians in 
this battle were bought from Germany in the fall of 
1904. They were of the prism variety. The cross- 


wires were at an angle of 45 deg. to the horizontal. 

On each side of the cross were graduations and a table 
was supplied to each pointer telling him how much in 
divisions to allow for drift at each range. The aper- 
ture at the eye-piece was about \%& inch in diameter, 
and great difficulty was experienced by the pointers 
in keeping the target in view, particularly when the 
glasses got dim, as they did very shortly after the 
firing commenced. Many reverted to the old bar sights. 
The mounts were flimsy. Coal had been stowed every- 
where, and the shock of firing and the explosion of 
shells stirred up the coal dust from corners and crev- 
ices, making it impossible for anybody to see either 
with or without the telescopes. The paint on the inside 
of the barrel of one telescope burned till the glass was 
spoiled for vision. Shells falling short deluged the 
ship in salt water and interfered with vision through 
the telescopes. Very few telescopes were hit by frag- 
ments. 

The range was first measured by Barr and Stroud. 
Then trial shots were fired from a twelve-inch gun till 
the range was established. The range necessary for 
the twelve-inch gun was signaled to the whole battery. 

The Japanese, in some cases at least, fired their 
broadside guns in volleys. The “Kasuga” fired thus 
on the “Ural.” A volley fell once just astern of the 
“Orel,” raising a perfect wall of water. 

Miscellaneous. 
__There were two explosions in 6-inch turrets on the 

Orel” and one in the forward 12-inch turret of the 
“Suvaroff.” 

The “Orel” had sixteen deck officers. Four were 
killed and nine were wounded in the first day’s fight, 
leaving only three ready for duty the second day of 
the battle. 

The after turret of the “Orel” fired 113 shells; only 
four were left in the after handling room when she 
Surrendered. There were plenty forward but there was 
nO Way of transporting them to the after turret. The 
- sun in the forward turret was broken off and the 

ft for the right gun was smashed. Shells could be 
— to the turret in the left lift and swung across 

Othe right cun, but with difficulty. 

.. after turret had been struck on the edge of the 
tm ~ sage just over one gun. The plate was bent down 
© gun could only be elevated through a small 
are, to 800 yards with the ship level. 
ae Japanese did not use their three-inch guns at 
we apparently. It is thought that their magazines 
re used for larger caliber ammunition. 


oan was only one case of steering gear being dis- 
on the Russian ships. This was on the “Suvar- 
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off,” and it is thought that if the ship's officers had 
been in the conning-tower instead of the staff, this 
defect could have been remedied, as the staff were in 
no wise familiar with the gear. 

When the new guns were placed on some of the Rus- 
sian ships engaged in this battle, the embrasures were 
not enlarged to accommodate the new guns, which con- 
sequently could not be used up to their full range. 

The “Suvaroff’” was provided with pipes from water- 
tight compartments on one side to corresponding com- 
partments on the other. The valves in these pipes 
were opened before going into action. When she got 
three holes below her water-line on the port side these 
pipes allowed the water to accumulate in equal quan- 
tity on the starboard side, and she shortly regained 
an even keel. 

In the Russian Hight cruisers barricades were made 
of hammocks between open deck guns and much was 
said in praise of them as proof against fragments. 
The boats on one cruiser had the torpedo nets triced 
up under them, which all agreed was excellent pre- 
ventive against flying splinters. 

Many Russian sailors, when their ships sank, put on 
life preservers around their hips instead of placing 
them higher up, and turned heads down when they 
got in the water and were thus drowned. A great 
many corpses were seen the day after the battle float- 
ing with their feet bobbing up. Some pictures were 
taken of them by the Japanese but Admiral Togo had 
the practice stopped and the plates confiscated and de- 
stroyed. 

An officer from one of the fast Russian cruisers said 
that during the night several torpedoes were fired at 
his ship at so short a distance that he could hear the 
coughing sound as the torpedo left the tube, yet she 
was not hit. The cruiser was running-at twenty knots. 
Battleship officers put their faith in 12-inch shrapnel 
with fuses set at one-half second to one second, and 
claim that it beats the small gun for torpedo defense. 


CHIMNEY DRAFT.* 
By W. W. F. Putien, A.M.Inst.C.E., M.1.Mech.E. 


Tue growing use of some form of mechanically-as- 
sisted draft in connection with steam boilers has ma- 
terially tended toward a decline in the interest taken 
in the ordinary factory chimney; so much so, that it 
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Fig. 1.—To Explain the Production of Chimney Draft. 


appears to have altogether dropped out of modern text- 
books dealing with steam boiler practice. 

I propose to show in this article that chimney design 
has some sort of scientific basis, and how far it may be 
expedient to introduce such things as fuel economizers 
with natural draft alone. 

Let Fig. 1 represent the flue gas ¢hannel of a steam 
boiler, beginning with the furnace at A, and finishing 
with the top of the chimney at C, whose height above 
the fire-grate is H feet. 

Let the mean density of the air be de pounds per 
cubic foot, and the mean density of the gases in the 
chimney be 6, while suffix 0 will refer to freezing 
point. 

The lifting effort or propelling force per square foot 
of section of the chimney will be the difference in 
weight of a column of chimney gas and of a column of 
atmospheric air H feet high. The latter is shown dia- 
grammatically at AD, Fig. 1. The weight of a column 
of air 

= volume of column x density of air, 

= sectional area X height X< density, 

= 1x H X pounds. 

And hence the propelling force due to 1 square foot 
of chimney 

= 
Let P represent absolute pressure in pounds per 
square foot; 
V represent the volume of 1 pound gas in cubic 
feet; 
T represent the absolute temperature of the gas; 
then the equation 
PV. = BF. 
holds good with a gas at any temperature and pressure, 
where R is a constant for the particular gas in ques- 
tion. Hence it holds for the mixture of flue gases in 
the chimney. 


As the density = Z, the above equation may be 
written : 
R (2) 
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If a water gage be applied to different points in the 
flue and chimney, it will be found that the pressure no- 
where differs from that of the atmosphere by more 
than 1 inch to 1% inches of water. An inch of water 
is equivalent to about 0.036 pound per square inch, 
and this is about 0.0024 of an atmosphere. Hence the 
absolute pressure of the flue gas nowhere varies by 
more than a quarter of one per cent, and therefore 
may be considered constant. Equation 2 may now be 
written: 

76 = aconstant = 7,6, = 7.54 = 
from which we derive 


7.6. 

It should here be noted that in the former of these 
equations 6. is the density of atmospheric air at freez- 
ing point, which is 0.0809 pound per cubic foot. Also, 
that é-is the density of the chimney gases which con- 
tain CO,—a denser gas than air—and consequently 4° 
in the equation involving &- will be the density of flue 
gases at freezing point, which is somewhere about 0.084 
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Fig. 2.—Curve Showing Relation Between Temperature 
of Chimney Gases and Weight of Coal Burnt Per Hour. 


pound per cubic foot. The difference in these densities 
is not serious, but it will be well to use both of them, 
as the derived formule are to be found in some of the 
pocket-books. 

To distinguish between these densities, it will be ad- 
visable to call that of the chimney gas at freezing point 
6’, and then 

8, = 

Inserting those values of 6, and 4, in equation 1, 
we get the propelling force per square foot of the chim- 
ney section 


In Fahrenheit units and inches of water, instead of 
pounds per square foot, this becomes 
draft in inches of water = H 

a 

which is an expression for the requisite height of a 
chimney if the temperatures of the atmosphere and 
chimney are known, together with the draft the chim- 
ney is required to produce. Generally, we do not know 
the draft required to burn a given number of pounds 
of coal per square foot of grate surface, and hence it Is 
desirable to transform equation 3 or 3a into one that 
gives a relation between weight of fuel per unit of 
time, sectional area, and height of chimney. 
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Fig. 3.—Curve Showing Relation Between Height of 
Chimney and Weight of Coal Burnt Per Hour. 


Returning for a moment to equation 3: if we divide 
the left-hand side by 6’, we thereby express the pro- 
pelling force in feet of head of hot gases in the same 
condition as those in the chimney. Let h be this head; 
then 


Ibs. pereq. ft. HT (6. 8 ): 


HT; 
= 
TS 
Canceling = 7.5'., we have 
T. 
The velocity produced in the hot gas in virtue of the 
v*, 
head of h feet will be given by h — — if there are no 
29 
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resistances which cause a loss of head. These resist- 
ances include that of the mass of fuel on the grate, 
and the friction of the gases against the sides of the 
fiue and chimney. The former is by far the greatest 
resistance, and is the only one that need in general be 
cousidered, Mr. Kent, in America, has deduced from 


experiment that 6— is a fair value for this loss of 
29 
head; so that 
h=— +6—, 
29 29 


Substituting in equation 4, we have 


V B= 1). 


Let = effective sectional area ofthe chimney, then 
the weight of gases discharged per second is 
Ev. 


4 
and, substituting T for 6. from equation 3, we have 


lbs. of gas per sec. = Hr, ae 
Putting in the equivalent of 4’, and 7',, we have 


-084 493 


Ibs. of gas per hour = 3,600 He. x 


Chimneys may have to accommodate twice the the- 
oretical quantity of air, or 24 pounds per pound of 
coal—that is 25 pounds of flue gases per pound of coal; 
hence the weight of coal burned per hour 

pounds of gas per hour 


Substituting from the equation immediately above, 
and for the value for, previously found, we find 


To obtain a fair idea of how 7, toe the rate of 
burning, we must plot a curve. We could, of course, 
find by differentiation what value of 7, will permit of 
the maximum amount of coal being burnt, but the re- 
sult (1080 deg. F., when 7, = 520) is altogether mis- 
leading. 

For plotting the curve, Fig. 3, ¥ we shall take £ equal 
to unity; H = 100 feet, and T, = 520 deg. F. 

The chief feature of the curve in Fig. 2 is that, while 
the maximum draft occurs with chimney temperature 
of about 1,100 deg. F. absolute, it does not vary sensibly 
between the temperatures of 800 deg. F. and 1,600 deg. 
F. absolute, or between 340 deg. F. and 1,140 deg. F. on 
the ordinary scale. Hence the determination of the 
chimney temperature required to produce the mazgt- 
mum amount of combustion is misleading in the ex- 
treme. 

It should be noted here that a leakage of air through 
the brickwork into the flues reduces the chimney tem- 
perature, and consequently the draft, besides giving the 
chimney more work to do. 

In equation 5, put 520 for Ts and 960 for 7, and 
we obtain 

Pounds of coal per hour = 16.7 BVH (6) 
The effective sectional area £ of the chimney is taken 
as equal to the gross sectional area minus (perimeter 
+ 6) square feet. This is tantamount to saying that 
there is an air skin, 2 inches thick, sticking to its in- 
terior surface; and there is probably a great deal of 
truth in the statement. 

The minimum height of a chimney in populous dis- 
tricts is governed by the local authorities and the 
height of neighboring buildings. It is seldom per- 
mitted to be less than 70 feet, and this is sufficient to 
burn 15 or 16 pounds of Welsh coal per square foot of 
grate per hour. 

Now the gases coming from a Lancashire boiler at 
this rate of combustion would be not less than 600 deg. 
F., or, say, 1,060 deg. F. absolute. Referring to Fig. 
2, it will be seen that we get practically as good a draft 
when the chimney gases are at 860 deg. F. absolute or 
200 deg. lower, the difference corresponding to about 
10 or 12 per cent of the total useful heat supplied by 
1 pound of good coal, or, in other words, there would 
be a probable saving of 10 per cent by introducing an 
economizer, while the draft would be unimpaired, ex- 
cept for the slight amount of extra friction of the gases 
against the economizer pipes. 

When the wear and tear is considered, the saving 
would probably be greater than that suggested above. 

In Fig. 3 we have a curve giving the rate of com- 
bustion to be expected with good coal and different 
heights of chimneys up to 100 feet. If inferior coal 
is used, then a greater height will be needed, even 
to the extent of from 50 to 100 per cent extra. An- 
thracite requires a chimney nearly twice as high as 
that given in Fig. 3. 


lbs, coal per hour = 600 


TUBES IN CEMENT. 


Tue tubes or piping of cement which are now manu- 
factured appear in numerous forms of section. Be- 
sides the round piping we also meet with piping of 
an oval section. The circular piping is generally used 
for diameters which are below 20 inches, while for the 
large sections the oval form is preferred. To give it 
a greater steadiness upon the bottom where the piping 
is laid, the exterior contour is often given a flat base 
instead of being circular like the internal bore. Such 
piping can be readily placed upon a flat surface and 
will keep well in place. As at present constructed, 
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the cement piping is formed of an agglomerate mix- 
ture consisting of cement and an inert element, sand 
or gravel. A mortar is made by mixing these two con- 
stituents. For the cement we can take Portland, 
Roman cement, or others. The mixture is quite vari- 
able in the proportions which are used, and should be 
made according to the following rules: First, to have 
a compact beton, the gravel should be double the 
amount of sand. Second, the solidity is lessened when 
we only use cement and gravel, excluding the sand. 
Third, by diminishing the*quantity of gravel too much 
the expense is increased. The best proportion for 
average use seems to be 1 part cement, 1.8 sand, and 
4.4 gravel. After deciding the proportion to be used, 
we next carry out the mixing of the materials. A kind 
of mixing crusher can be employed, in which narrow 
rollers work in a vat containing the mixture. We can 
also use mixers composed of a hollow, cylindrical ves- 
sel in which turns a shaft provided with paddles. 
Such an apparatus takes some 7 horse-power, and it 
forms 24 cubic yards of beton per hour. Once the 
mass is mixed it is put in an iron mold of appro- 
priate form, consisting of the outer form and an inner 
core corresponding to the diameter of the piping. The 
mixture is put in the free space and is packed down 
with a tamping rod. The process somewhat resembles 
the manufacture of gas retorts. The forms are placed 
vertically or laid down. For some time it has been 
desired to substitute a mechanical process for the 
hand method, which is expensive, but machines which 
have given good results are scarce as yet. They have 
somewhat the same form as the molds just described. 
Beton is run into the inner space. The core is set 
revolving, while the mass is compressed by a screw- 
press. The tube is then taken out of the mold and 
at the end of three or four hours is treated with a 
fluosilicate containing magnesia. To protect the tubes 
from corrosion by acids it is a good plan to coat the 
inside with a mixture of tar and asphalt. 


A NEW TYPE OF HYDRAULIC PRESS FOR 
INDENTING AND HEADING CARTRIDGE 
CASES FOR QUICK-FIRING GUNS. 

In the accompanying illustration is shown a new 
and interesting type of hydraulic press, which has 


A NEW TYPE OF HYDRAULIC PRESS FOR 
INDENTING AND HEADING CARTRIDGE 
CASES OF LARGE SIZE FOR RAPID- 
FIRE GUNS. 


been specially designed for one of the leading British 
ordnance manufacturers for the indenting and heading 
of cartridge cases of quick-firing ammunition. This 
press has been constructed in accordance with the 
patents of the Vauxhall & West Hydraulic Engineer- 
ing Company, Limited, of Luton, who make a specialty 
of this class of work for the manufacture of explosives, 
and this installation possesses several special features. 
The machine is adapted for dealing with the cartridge 
cases of large-size quick-firing ammunition, and is de- 
signed to work with the greatest rapidity. After a 
case has been cupped and drawn to the required di- 
mensions, as regards internal and external diameters, 


A. of when in the press. B. First indenta- 
tion, ©, ”* the case complete, 


and the mouth trimmed as shown in the sketch, A, in 
order to finish the work it is necessary to reform the 
metal in the solid end of the case, so as to provide a 
projecting flange for the ejector and a central indent 
for the primer. To complete this work three distinct 
operations are necessary, known respectively as “first 
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indenting,” “second indenting,” and “heading,” ‘he 
formation of the case after each particular opera ion 
being shown in the figures B, C, and D. 

As will be seen from the illustration, the press i. of 
most substantial construction, comprising a mas<ive 
head and base in a specially toughened mixture of « ast 
iron. The top entablature of the press constitutes ; |so 
the main cylinder, which is inverted, and carries an 
inverted ram attached to the crosshead guides, with 
adjustable slippers working on the main columns of 
the press. 

To the lower surface of the crosshead is attacied 
an anvil block, the lower end of which is arrange: to 
carry a revolving die plate, and is provided wit a 
specially hardened steel end. The base of the press is 
a massive cored casting, through which passes in 
ejector ram, which is suspended with its cylinder in 
the pit below the press, as may be seen in the illus‘ ra. 
tion. On the upper surface of the base is carried he 
rotating table in a chamber machined for this purpcse. 
The table is a gun-steel forging, and in its turn sip. 
ports the die plate, which is also a forging of special 
steel, the two being centered by a hard-steel spin:(le 
passing through the base of the press. The table and 
die block can be rotated to 180 deg., and the block is 
fitted with two dies diametrically opposite to each 
other, so arranged that when one die is under the cen- 
ter of the main ram, the other is over the ejecting 
ram, adjustable stops being provided to insure accurate 
alignment in each position. 

The return of the main ram is carried out by iwo 
cylinders and rams, arranged one on each side of ‘he 
base, these cylinders being connected direct to the 
hydraulic pressure main, so that the side rams exert 
a constant upward pressure on the crosshead, and 
thus raise the latter whenever the valve of the main 
cylinder is open to exhaust. The table is rotated by 
means of the vertical jigger cylinders and wire rope 
arrangement seen in the position to the left of the 
press, and by this arrangement is given a very wide 
margin for adjustment, and at the same time auto 
matic provision for taking up any slack in the work- 
ing parts. 

The complete cycle of operations by the press is as 
follows: 

The main ram is at the top of its stroke while the 
ejecting ram is at the bottom of its stroke, and the 
die block is in its correct position. A capped, drawn, 
and trimmed cartridge, A, is placed in the die block 
over a mandrel. The die block is then rotated by 
means of the jigger cylinders through 180 deg., which 
operation brings the case under the center of the 
main ram. The revolving die plate on the under side 
of this ram holds three dies, two for indenting and one 
for heading. These are revolved until the first in- 
denting die is over the cartridge case, when pressure 
is admitted into the main cylinder, the ram descends, 
forcing the metal at the solid end of the base into the 
die, and producing the shape shown at #4. The main 
cylinder is now open to exhaust, the ram ascends suff- 
ciently to allow the second indenting die to be brought 
into position and the stroke repeated, producing the 
formation shown at C. The third movement of the 
same description produces the form at D. 

During this operation of the main ram the case that 
has been finished by the previous operation has been 
ejected by the ejector ram, and a fresh case replaced 
in position in the other side of the die block, so that 
the heading is completed, the block is rotated through 
180 deg., and the finished case is ready for ejection, 
while a fresh one is ready for heading and indenting. 

The weight of the press is approximately 55 tons. 
There is one special feature of great importance em- 
bodied in the design, viz., that all ram packings can 
be replaced, or examined in any part of the press with- 
out dismantling any portion of the machine or the sev- 
erance of a single pipe joint. 


GROWTH OF FOREIGN COMMERCE OF THE 
UNITED STATES DURING DECADE 1896--1906. 


Tue foreign commerce of the United States has 
grown much more rapidly during the last decade than 
its population. Completed figures for the fiscal year 
1906, just presented by the Bureau of Statistics of the 
Department of Commerce and Labor, show that while 
the population has grown since 1896 but 20 per cent, 
imports have grown 57 per cent and exports 109 per 
cent. The classes of imports which show the greatest 
gains are manufacturers and manufacturers’ materials. 
Manufactures imported show an increase of 42 per 
cent, and manufacturers’ materials imported show an 
increase of 95 per cent. On the export side agricul 
tural products and manufactures show the largest 
gains. Agricultural products exported show an it 
crease during the decade of 70 per cent, and manufac- 
tures an increase of 163 per cent. 

This increase has occurred in the trade with all of 
the grand divisions of the world, but is especially 
marked in the trade with Asia and Oceania. Imports 
from Europe show an increase of 50 per cent, [hose 
from North America of 80 per cent, those from South 
America of 30 per cent, from Asia and Oceania 8) per 
cent, and from Africa 13 per cent. Exports to Evrope 
show an increase of 78 per cent, those to North (mer 
ica an increase of 164 per cent, to South Americ: 107 
per cent, -to Asia and Oceania 232 per cent, and 
Africa 41 per cent. 

The actual gains in the decade are, in imports. 447 
millions, and in exports, 861 millions; in manufac 
tures imported, 61 millions; in manufacturers’ ™a 
terials imported, 288 millions; in agricultural products 
exported, 400 millions, and in manufactures exported, 
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374 «villions. In the trade by grand divisions the 
actu! increase in imports from Europe is 214 millions 
and in exports thereto 527 millions. In the trade with 
Nort): America the increase in imports is 108 millions, 
and ‘1 exports 192 millions. In the trade with South 
America the increase in imports is 32 millions, and 
in e ports 39 millions. In the trade with Asia and 
Oceavia the. increase in imports is 92 millions and in 
expo’'s 98 faillions. In the trade with Africa the in- 
crea-c in inaports is 1% millions and in exports less 
than 6 millions. 

Sone remarkable changes have occurred also in the 
routcs of travel followed by this increased traffic. Com- 
paring conditions in 1906 with those of 1896, the At- 
lant c ports show an increase of 329 millions in im- 
por!» and 426 millions in exports; the Gulf ports, an 
increase of 50 millions in imports and 262 millions in 
exports; the Pacific ports, an increase of 17 millions 
in _mports and 57 millions in exports; the Northern 
border and lake ports, an increase of 42 millions in 
imports and 116 millions in exports; while the interior 
ports show an increase of about 9 millions in imports. 

Among the important articles of importation show- 
ing an increase are copper, which increased from a 
little more than one million dollars in 1896 to nearly 
26 millions in 1906; manufactures of cotton, from 32 
millions to 63 millions (this increase being chiefly in 
laces and edgings, which grew from 11 million dollars 
to 34 millions); fibers for use in manufacturing, from 
3 millions to 39 millions; manufactures of fibers, 
from 27 millions to 51 millions; hides and skins, from 
31 millions to 84 millions (and of this goat skins alone 
increased from 10 millions to 32 millions); india rub- 
ber, from 17 millions to 48 millions; iron and steel 
manufactures, from 25 millions to 29 millions; dia- 
monds, precious stones, and jewelry, from 8 millions 
to 42 millions; raw silk for use in manufacturing, 
from 27 millions to 54 millions; manufactures of silk, 
from 27 millions to 33 millions; tin for use in manu- 
facturing, from 7 millions to 31 millions; and wool, 
from 32 millions to 39 millions, while manufactures 
of wool fell from 53 millions in 1896 to 23 millions 
in 1906. 

On the export side the principal growth occurs in 
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pressure and the distribution of that force in the field 
of diffusion. Again, while undergoing the change of 
form, certain of the movements are quite different in 
direction “rom what they had at first when acted upon 
by osmotic pressure, in spite of the fact that the 
direction of this force had not changed. 

A few examples will serve to illustrate this. In a 
solution of nitrate of potash spread upon a glass plate, 
we strew uine drops of the same solution, colored by 
India ink and less concentrated. These drops are found 
to diffuse owing to the differences of osmotic pressure 
and give the figure which is shown in Fig. 1. After 
remaining for five or ten minutes in a seemingly fixed 
position, this figure commences to change and under- 
go an evolution. The particles of carbon of the India 
ink which had been set back by diffusion from the 
center of each drop, return again in the direction they 
had first taken and now tended to collect again in the 
center of the drops, but at the same time, upon each 
of the directing lines we see the particles collect in 
small groups forming grains, as it were (Fig. 2). As 
the change goes on, these grains increase in size and 
move toward the center of the drops, as seen in Fig. 
3. If we allow the change to go on, the India ink col- 
lects in an octagonal liquid ring and at last in a 
homogeneous mass. Fig. 4 shows a single drop at a 
certain point of its evolution. This drop, photographed 
in full size, like all the other figures we show here, 
had at the beginning, when it was placed in the solu- 
tion, the size of an ordinary drop, about 0.12 inch in 
diameter. Then it reached by diffusion a much greater 
size than we show here. At this time it resembled a 
magnetic field coming from the end of one pole. After- 
ward the drop shrunk up and the center became gradu- 
ally blacker. The lines of force divided up into granu- 
lations which grew larger and moved near each other, 
and also came near the center of the drop, finally ap- 
proaching the view which we have here. 

These phenomena, which cannot be explained by dif- 
fusion, seem to be due to the force of cohesion. A 
liquid such as the present nitrate of potash solution 
containing in suspension a microscopic powder such 
as the carbon particles of the India ink, shows us the 
cohesion between the molecules of the solution, on one 
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the egg during the period of incubation has been one 
of the most mysterious phenomena of vital action, 
and we had no idea of a physical force under whose 
influence such a result could be produced. However, 
the incubation of the egg shows conditions which are 
quite analogous to those of our experiments. The high 
temperature causes an evaporation at the surface of the 
egg, and the outer part of the yolk becomes thus con- 
centrated. This gives rise to diffusion currents be- 
tween the parts having different densities, and as we 
have just seen, the consequence should be the segmen- 
tation of the mass of the yolk. Besides, the segmen- 
tations which we were able to produce in the liquids 
(Fig. 6) show a striking resemblance to those of the 
yolk of the egg. 

The phenomena which we have just described enable 
us to produce the different kinds of structures used 
in the formation of living animals, and they are also 
the structures which have been recognized in various 
protoplasms. It is to be remarked that the different 
cellular structures formed in our liquids as above by 
cohesion and diffusion show certain of the properties 
of protoplasms. These structures are retractile, and 
their cohesion increases when they contract just as in 
the case of colloids which coagulate. It therefore ap- 
pears that we are thus able to use crystalloid solutions 
to produce colloids, and that the mechanism we have 
just described is the physical mechanism of coagula- 
tion. The same process also gives a complete physical 
explanation of the forming of flaky precipitates in 
cloudy liquids. 

Lastly, the experimental conditions in which we are 
placed are realized in all the natura) waters, and es- 
pecially in the present and past state of the seas, whose 
waters all contain particles of matter in suspension, 
and also have mineral matter dissolved from the 
earth. Here also the diffusion currents must naturally 
be set up, as in our experimental liquids. The facts 
brought out in the present case show how different 
structures might and should be produced in the seas, 
which are analogous to those of protoplasms and of 
living beings, and thus we reach a most important 
conclusion. M. Leduc has also made a series of re 
markable experiments upon the formation of artificial 
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M. LEDUC’S EXPERIMENTS ILLUSTRATING THE FORMS WHICH RESULT FROM THE DIFFUSION OF LIQUIDS IN ONE ANOTHER. 


agricultural implements, which increased from 5 mil- 
lions in 1896 to 25 millions im 1906; breadstuffs, from 
141 millions to 186 millions; cars and carriages, from 
3 millions to 18 millions; copper and manufactures 
thereof (not including ore), from 20 millions to 81 
millions; raw cotton, from 190 millions to 401 mil- 
lions; manufactures of cotton, from 17 millions to 53 
millions; scientific instruments, from less than 3 mil- 
lions to 11 millions; manufactures of iron and steel, 
from 41 millions to 161 millions; leather and manu- 
factures thereof, from 20 millions to 41 millions; min- 
eral oils, from 62 millions to 84 millions; provisions, 
from 132 millions to 211 millions; and wood and manu- 
factures thereof, from 32 millions in 1896 to 69 mil- 
lions in 1906. 


M. LEDUC’S EXPERIMENTS. 
By the Paris Correspondent of ScrenTrr1c AMERICAN. 


M. SrepHaNe Lepuc, the eminent French physicist, 
has been engaged for some time in making researches 
upon the movements which occur in liquids under the 
influence of differences in osmotic pressure, and the 
forms which result from the diffusion of the liquids 
in each other. More recently he brought to notice a 
phenomenon hitherto unobserved relating to the seg- 
Mentation of liquids, and this has a striking analogy 
with the segmentation of the yolk of the egg during 
incubation. A number of interesting phenomena have 
been observed and photographed by M. Leduc, and he 
has had the courtesy to furnish us with a number of 
Views which show the most recent researches on this 
Subject. After making a careful study of the phe- 
nomen: of segmentation, he considers that they are 
likely (o be due, under the present conditions, to the 
influence of cohesion. 

The drops of a certain solution which are placed in 
4 Solution of the same body, but of a different strength, 
are seen to diffuse and give liquid figures whose pro- 


ill geometric character are explained by the 
Becta S theory of the field of force of diffusion. These 
Sgures, when they are kept for a time, instead 
aa —s invariable, undergo an evolution and a 
— which can no longer be explained by the dif- 


“ Seeing that the new forms which result from 
em ore independent of the distribution of osmotic 


hand, and the cohesion between the particles in sus- 
pension on the other. We cannot obtain homogeneity 
unless we have equality of the forces or cohesions, 
and this is not often realized. Where the cohe- 
sions are unegual, equilibrium can only come from a 
perfect symmetry about each molecule of the solution 
and each particle in suspension. This equilibrium is 
unstable, and it is broken whénever perfect symmetry 
ceases to exist. For instance, if the attraction is much 
stronger between the particles in suspension than be- 
tween the latter and the molecules of the solution, as 
soon as the symmetry is broken by the assembling of 
a few particles, this group will be a center of attrac- 
tion for all the other particles, and those which join 
on to the group still increase the attractive power. 
Diffusion plays a double part in this case; it prevents 
symmetry from being attained in the liquid, and by 
the movements which it gives to the particles and the 
molecules it brings them into the fields set up by the 
centers of attraction, into the regions where the force 
of cohesion acts upon them. It is evident that this 
state of affairs holds good in our experiments. 

Besides, we have been able to secure a direct ex- 
perimental proof of our theory. We formed a nitrate 
of potash solution colored by India ink and also a trans- 
parent solution having exactly the same osmotic pres- 
sure. The colored drops of the former placed in the 
latter did not therefore undergo any diffusion or any 
change. But if the drops are placed near each other 
in the liquid they change their form and elongate so 
as to approach each other and unite in a single sphere. 
If as is shown in Fig. 5 the equally-spaced drops have 
different sizes, the largest drops will give the greatest 
attraction and abgorb all the small ones. This figure 
is a photograph of six small drops placed around a 
large one. These drops have commenced to change in 
form and to approach the large central drop, and the 
latter is also altered in shape. Under the influence of 
the six small ones it takes a hexagonal form. We note 
that opposite the drop which is farthest away, the point 
of the hexagon is not so well defined. 

These actions of the force of cohesion which are 
brought out in such a remarkable and at the same 
time simple way and seem to have been unknown 
hitherto, appear to have a preponderant role in nat- 
ural phenomena. The segmentation of the yolk of 


cells, which we expect to illustrate in a succeeding 
account. 


A NEW RESPIRATORY HELMET. 


Dr. GuGLieLMINetTTI, of Paris, has lately invented a 
new device in the shape of a respiratory helmet which 
is one of the best to be brought out so far. This form 
of apparatus is useful in mines for rescuing the vic- 
tims of fire-damp and for constructing barriers against 
fire or emanations in the mines. Firemen can also 
use it to advantage. The apparatus leaves the move- 
ment of the body free, seeing that it is composed of a 
kind of helmet combined with a frame which is carried 
on the back to hold part of the apparatus. The de- 
vice is based upon the air-renewing principle, and 
the apparatus consists essentially of a tube of com- 
pressed oxygen which furnishes the gas for respira- 
tion. The used gases are sent from the lungs by a 
tube and brought over a potash receptacle which ab- 
sorbs the carbonic acid gas. Then the remaining gas 
is recharged with oxygen from the other cylinder. 
This method is much superior to the system which 
uses compressed air, as it is easier to obtain the 
oxygen in the large cities. Besides, another advantage 
lies in the fact that the oxygen is an energetic coun- 
ter-poison against the deleterious gases, while com- 
pressed air has no effect. An aluminium casque fits 
over the head, leaving the ears free, and it is fixed be- 
hind the head by a strap. It is made tight and fits 
the contours of the face by means of a rubber rim, 
which is of tube form and is filled out with air by 
means of a rubber bulb. The regenerating apparatus 
containing the oxygen cylinder, the potash tube and 
the accessory devices are mounted in compact form 
upon the frame which is strapped upon the back of 
the person. During the tests which were made in the 
Jean Jacques Rousseau fire department at Paris, a 
fireman equipped with the helmet remained for 45 
minutes in a cellar filled with smoke from wet straw 
and sulphurous fumes without having any difficulty in 
breathing, and the air he respired showed no traces 
of carbonic acid. All the movements of the body 
could be carried out at the same time. The weight of 
the apparatus complete is stated to be somewhat over 
25 pounds, when charged for one hour’s working. 
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THE SAN FRANCISCO LESSON.* 

By F. W. Firzpareicx, Secretary-Treasurer Interna- 
tional Society of State and Municipal Building 
Commissioners and Inspectors. 

Tue great earthquake of April 18 is generally blamed 
for San Francisco's pretty nearly utter devastation. 


True, ii was the quake that started the fires, and also 
breaking the water mains made it impossible to cope 
with those fires in their incipiency, but, nevertheless 


Hotei Alexandra, Showing Buckled Column Due to Poor 
Covering, Although the Heat was Insufficient 
Completely to Destroy the Plaster. 


and notwithstanding, there were many other contribu- 
tory causes to this great catastrophe. Nature wrought 
sad havoc, but man made it possible for her to do her 
very worst. 

San Francisco's climate is not severe, and the people, 
not requiring extraordinary provision against temper- 
ature extremes, had grown lax in their demands, and, 
indeed, would not pay for the highest class of con- 
struction; at some remote time poorly-done brickwork 
had been badly shaken by quake, and the people had 
gotten the notion that low buildings and wooden ones 
were the only thing to withstand such shocks. Archi- 
tects did not make a brave stand against popular ig- 
norance and neglect, and many showed criminal indif- 
ference, if not utter ignorance of sound construction. 
And, of course, the manufacturers of different ma- 
terials, participating in the general indifference, mostly 
engaged in pretty flerce competition with each other, 
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naturally furnished what the market demanded, very 
ordinary material. These materials, even the best, put 
together under indifferent supervision, under exceed- 
ingly lax building regulations that were administered 
no better than the rest of the municipal government— 
and that is saying a great deal—have done their work 
as might have been expected, and the results are ap- 
parent to the trained eye, if not to the casual observer. 

Officially or otherwise, I have carefully inspected the 
destroyed or damaged buildings after all the great 
fires or natural disturbances occurring in this country 
during the past twenty-five years, and nowhere have I 
seen evidences of less provision being made against the 
manifestly probable contingencies than in San Fran- 
cisco. Conflagration was imminently possible, the city 
was full ninety per cent frame, and with New Orleans 
constituted a class by themselves at the bottom of the 
list of cities, as far as fire risk goes. Earthquakes of 
more or less severity were recurring constantly, and 
therefore the best buildings should have been from- 
fourteen to thirty per cent better than those of the 
great cities of the East, while, as a matter of fact, even 
her principal buildings were from fifteen to fifty per 
cent poorer built than the highest standard in New 
York, Chicago, Philadelphia, Washington, and even the 
new Baltimore. 

What is the result? 

Her fire means $315,000,000 wasted in smoke, $1,- 
000,000,000 in lost business to the city and to the coun- 
try generally, $12,000,000 to clean up the debris, and 
at least $350,000,000 to put the city where she stood in 
the scale of cities before the fire. Besides all that, think 
of the hundreds of lives lost and the thousands of her 
best people utterly ruined. The sum of those figures 
represents the cost of the fire (it may be well to 
here state that in all the burnt district it is estimated 
that the actual earthquake damage per se would not 
have exceeded $10,000,000) to counterbalance which 
the people are entitled to receive, to be quite exact, 
$132,823,670 from the insurance companies, and it is 
safe to assume that after litigation, settlements, dis- 
counting, etc., the people are not very liable to get 
much over $125,000,000 net. Surely not a profitable 
gamble! 

Had the people spent $10,000,000 more in sane con- 
struction originally, the total fire loss would have been 
reduced at least $160,000,000. If the architects had 
sanely expended but $600,000 more on the so-called 
“fireproof” buildings, or, rather, shifted that sum from 
frivolous ornaments to necessary precautions, they 
would have saved those buildings intact, buildings in 
which some $10,000,000 destruction has been wrought. 
Simpler still, had the single precaution been taken of 
protecting the windows of those buildings with wired 
glass, an additional expenditure of perhaps $60,000, 
their interiors and contents would certainly have been 
saved. 

But that is more or less speculation. It has been 
established beyond doubt, and we must concede it be- 
cause confronted with indubitable evidence, that con- 
stderable stupidity, to use a very mild term, was laid 
bare in that stricken city; there is almost as much in 
every other city, only it has not been uncovered yet, 
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as it has been in San Francisco. Surely our architects 
must see that they stand before the bar of public opin- 
ion under indictment for the rankest carelessness or 
the grossest ignorance in matters of construction. 

Buildings can be well built, built so that even confla- 
grations cannot harm them. Intelligence is the first 
essential requisite in the task of such construction, 
and that ingredient, intelligence, will also find means 
of so building at not much greater cost than that of 
the flimsiest fire trap. 


4 


The Brick Walls of the Shreve Building Stood the Fierce 
Heat Without Damage. 


Even in the very best classes of construction rather 
poor mortar was used, and often in most vulnerable 
places; and the bond, not only of brickwork but of 
oencrete and every other material, to the carrying 
parts or frame was lamentably insecure. In the earth- 
quake, even if those parts were not bodily thrown 
out, joints of poor mortar were bound to open, of- 
fering free ingress as the fire swept along. In the 
cheap buildings many walls were literally thrown out 
of place and almost across the street. The unthink- 
ing blame those collapses on the material, the brick 
and the stone and the concrete, and it is quite com- 
mon to hear people say that wood is the only .thing 
that will stand an earthquake. In every case, falling 
brickwork clearly showed two things—that its own 
bonding was poor and the tying of parts together was 
even worse. Gable ends were cocked up in the air with 
no other tie to the roof than the flashing metal, and 
it is surprising indeed that a sharp windstorm had not 


West Gate Apartments—Note the Comparative Immunity of the Glazed Brick 


and the Destruction of the Stone Below. “) 
RUINS OF SAN FRANCISCO BULLDINGS, SHOWING HOW THE DIFFERENT CONSTRUCTIONS WITHSTOOD THE EARTHQUAKE AND FIRE. 


The San Marco Building, Showing the Comparative Effects of Fire on Stone, 


Terra-Cotta, and Brick. 
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giready blown them over. To expect such work to 
stand in a quake violent enough to upheave streets, to 
twist rails much as we can a piece of wire, to topple 
over heavy bookcases, and to bodily slide pianos from 
one side of the room nearly to the other, is on a par 
with the intelligence that permitted such buildings to 
pe erecicd in the first place. 

Even « most casual inspection of the unburnt por- 
tions above Van Ness Street will be of the greatest 
yalue (0 anyone interested in building. He will find 


The Court of the St. Francis Hotel Shows the Folly of 
Not Properly Bonding the Brickwork, Which Was 
Entirely Shaken off the Backing. 


houses tilted this way and that, like the card buildings 
of our youth, porches wrenched away from their moor- 
ings, houses collapsed so that you can enter the second- 
story windows from the street. That wood stood as 
well as it did is attributable, not to the material ifself, 
but to the fact that to get a frame house so that it 
would stick together at all, its parts have to be well 
nailed. The nails “saved” the wooden buildings if 
anything did, and if one-half the tying and binding 
that was done with nails in the wooden houses had 
been’ bestowed, with the ordinary means at hand, on 
the brick and stone structures, these, too, would have 
been “saved.” 

The term “saved by” this or that material is being 
very liberally applied to the class A and other build- 
ings in the fire zone that were not totally destroyed. 
Any such claim for any specific material, wherever 
and however it was applied, is distinctly misleading 
and untrue, and is simply being made use of by per- 
haps skillful but certainly unprincipled advertisers in 
order to mold public opinion in favor of their special- 
ties. An endeavor, [| may add, that in many cases is 
meeting with considerable success, judging by the way 
many. journals and many individuals spout so learnedly 
about the wonderful results of this or that material in 
San Francisco, when it is manifestly evident that their 
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opinions are based solely upon the contentions of the 
aforesaid advertisers. 

Building is a tangible science; there is nothing oc- 
cult or mysterious about it, and one can learn all he 
wants to know if he will take the time and trouble. 
Quacks only lay claim to all-saving grace, etc., through 
some mysterious power of some one thing they exploit. 
Yet people believe them. Many owners of buildings 
perhaps conscientiously advertise them as “absolutely 
fireproof” simply because some particular part of the 
structure has fireproof tile about it, or some portion is 
built of concrete, or some other one thing is done more 
or less properly, thereby absolving the owner from 
doing anything else to safeguard that particular build- 
ing. That one act has thrown a sort of spell about all 
else. Crass ignorance or culpable negligence!” 

A building is “fireproof” only when it is designed so 
in all respects, and all its materials are not only non- 
inflammable but undamageable by fire. A building that 
is of non-combustible materials is not necessarily fire- 
proof; a building that is of fireproof materials, but not 
of fireproof design, is not fireproof—paradoxical as that 
may seem; a building that is not of fireproof construc- 
tion and design, except in part, is not fireproof. To be 
fireproof a building must assemble in itself the essential 
features of design, construction, and materials. To ad- 
vertise anything short of that perfection as ‘absolutely 
fireproof” ought to be a criminal offense. Tenants go in- 
to such misleadingly advertised buildings, are inveigled 
into them, under false pretenses; they make no effort to 
protect their goods, with the result that in a fire that 
may only partially destroy the owner's structure, the 
tenants’ property is completely wiped out of existence, 

Our architects have learned this lesson so ill that 
of our 11,000,000 buildings in the country, scarce 4,000 
are built as well or a little better than were the big 
buildings of San Francisco. These 4,000 are fire-resist- 
ing in so far as their structure only is concerned, and 
of their number probably not more than twenty can 
rightfully be called moderately “fireproof” even, in that 
something more than their mere skeleton has been pro- 
tected. 

(To be continued.) 


NEW RESULTS IN HEREDITY AND EVOLUTION.* 
By G. Gorpon Copp. 

DuRiné a recent visit to the Marine Biological Lab- 
oratory at Woods Hole, Mass., Dr. Daniel Trembly 
MacDougal, Director Department Botanical Research, 
Washington, D. C., took occasion to discuss the prob- 
lems of heredity at some length, and to give the pro- 
cesses and results of a number of personally-conducted 
experiments on these lines in considerable detail. 

Heredity he defined “as that appertinent function 
of living matter by which qualities, characters, and 
capacities are transmitted through successive genera- 
tions. The abselute identity or measurable expression 
of the inherited characters may be qualified by partial 
and individual fluctuation about a norm in a continu- 
ous series in the progenies, and these characters, 
singly or in groups, may be subject to dominations, 
recessions, integrations, and resolutions in hybrida- 
tions, or to various forms of combination actual or ap- 
parent. In the case of discontinuous variation, or 
mutation, single or unit characters, or constellations 
of them, may be activated, or converted into a latent 
or perlatent condition.” 

“Owing to the stimulus of recent discovery, atten- 
tion,” he said, “is focused at the present time upon 
the ultimate result of fluctuating variability as in- 
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fluenced by various agents, in the origin and fate 
of hereditary strains, species, races, or physiologically 
unified groups of organisms, and upon the probable 
part played in the matter by the saltatory movements 
which are being brought to notice so plentifully in 
all quarters. In connection with the last-named fea- 
ture, the behavior of the individual qualities or unit- 
characters in hybridations are being studied with en- 
ormous zeal as offering a ready analysis of the action 
of inheritance.” 

The subject, the doctor says, “offers some of the 


The Spring Valley Building, Showing Tile Partitions 
Intact Where No Wood Was Used at Doorways. 


most abstruse and difficult problems in the whole 
realm of biological science; but,” he adds, “we may 
hope to uncover the main factors by perfected methods 
in dealing with the ultimate mechanical basis of 
heredity, coupled with a refinement of technique in 
dealing with the course of inheritance as we trace 
it from generation to generation, eliminating guess- 
work as to parentage and prophecy as to offspring. The 
first is steadily yielding results of undoubted impor- 
tance, and is bringing about a renewed interest in 
the functional relations of the components of the 
protoplast with respect to the inheritance of charac- 
ters. The second method, that of statistical observa- 
tions and experimental methods in pedigreed cultures, 
has given such notable results in the hands of vari- 
ous investigators, beginning with Mendel, that it may 
be truly asserted that it may not be outclassed in 
value by any form of research yet used in investiga- 
tions in naturai history.” 

Stating most decisively that “physiological prob- 
lems demand analytic methods of observation of living 
material,” Dr. MacDougal did not hesitate to criticise 
certain conclusions arrived at by other scientists by 
totally different methods of research. Referring to Dr. 
Merriam, he said: “In a recent address he has taken 
occasion to call up the mutation theory, and assumes 


The St. Paul Building, Showing the Average Fate 
of Unprotected Steel Framing. 


The Flood Building, Showing Tile Floor Arches Intact, Suspended Wire Ceiling Destroyed, and the 
Destruction Resulting Wherever Wood Frames Had Been Incorporated in the Construction. 
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to have given it a teet py ‘re-examining certain groups 
of birds and mammals, of which I had previously made 
systematic studies, for the purpose of discovering evi- 
dence, if such exists, of the formation of species by 
mutation.’ This author says that ‘for a quarter of a 
century I have been an earnest field student of plants 
in relation to geographic environment. These studies 
have convinced me that with plants as with animals, 
the usual way in which new forms (subspecies and 
species) are produced is by gradual progressive de- 
velopment of minute variations.’ 

“Dr. Merriam does not find any evidence to support 
the conclusion that species arise by mutation. It 
would be a matter of great surprise if he had. It 
would be as reasonable to have demanded of him the 
solutions of problems of respiration from his prepara- 
tions and field notes. Once a mutant has appeared, 
no evidence of its distribution can be taken to ac- 
count conclusively for its origin. Although I have 
had many mutants under experimental observation, I 
would not be able to say with reasonable certainty as 
to the origin of any of them, had I not ascertained 
by guarded pedigree cultures. It also follows that the 
systematists who announce and describe new forms 
as mutants simply from preserved specimens, or from 
individuals the origin of which is not a matter of 
careful observation, are following a wholly unwar- 
ranted practice. 

“A number of zoologists,” the speaker continued, 
“have assumed to speak of the distribution of plants, 
with apparently no basis except ‘general information’ 
to the effect that closely-related species do not havé 
the same habitat. This has been variously put, but 
the general meaning is as given. Now such a conclu- 
sion is so widely inapplicable, and is so loosely guard- 
ed, as to be wholly without value as a statement of 
a principle in plant geography and floristics. That 
the actual mechanical contiguity of two forms compet- 
ing for the same conditions of habitat would result 
in some stress is to be taken for granted, but the 
vegetative struggle would by no means be severe 
enough in any case to eliminate one from any region. 
If the advocates of the idea that closely-related species 
do not occupy the same region take this ground on 
the assumption that hybridation disturbances would 
follow, here again would be an unwarranted assump- 
tion. Readiness of hybridation is by no means a 
measure of consanguinity, and any slight difference of 
habit, so small perhaps as not to be capable of de- 
scription, might secure pure fertilization.” 

A basal and underlying fault, the doctor insists, 
consists in th> fact that “taxonomic and geographic 
methods are not in themselves, nor conjointly, ade- 
quate for the analysis or solution of physiological 
problems. The inventor did not reach the solution 
of the problem of construction of a typesetting ma- 
chine by studying the structure of printed pages, but 
by actual experimentation with mechanisms, using 
printed pages only as a record of his success. Like- 
wise, no amount of consideration of fossils, herbarium 
specimens, dried skins, skulls, or fish in alcohol may 
give any actual proof as to the mechanism and action 
of heredity in transmitting qualities and characters 
from generation to generation, although from such 
historical data the general trend of succession may be 
traced.” 

Dr. MacDougal has a strong aversion to anything 
like looseness of expression, and finds absolutely no 
excuse for it when the subject treated has any claim 
to scientific importance, a fact which doubtless led 
him to answer a recent statement credited to Dr. 
Jordan. He said: “A certain literary freedom of ex- 
pression is well illustrated by the following citation 
from a recent article by Dr. Jordan, in which he 
says: ‘In Mr. Burbank’s cross of the English walnut 
(Juglans regia) with the California walnut (/Juglans 
Californica) the first generation shows a certain blend- 
ing of the traits of one species with those of the other. 
In the next generation appears every conceivabie kind 
of variation in every feature of the plant and in every 
function of its organs.’ 

“The absurdity of the last sentence offers a fair 
example of the misrepresentation of which Mr. Bur- 
bank’s horticultural work has been so profusely the 
object. A similar progeny of a hybrid oak is included 
in experimental cultures in New York, and the ob- 
server can readily see that the physiological possi- 
bilities are not exhausted in either case. To illus- 
trate the possible variations in form would require 
many millions of individuals, as may be seen when a 
simple computation shows that seven single differen- 
tiations would require more than sixteen thousand 
individuals for their exemplification if the characters 
behaved as individual units. If, however, qualities 
or characters are capable of modification or variation, 
the number of different forms of any organ of the en- 
tire plant would be so large as to make estimates 
useless.” 

Incidentally, it may be said that the Carnegie In- 
stitution has recently subsidized the work of Mr. 
Luther Burbank for a term of years, and a committee 
of which Dr. MacDougal is member recently visited 
Mr. Burbank’'s experimental grounds near Santa Rosa, 
Cal., as preliminary to the beginning of systematic 
and scientific study of the results he has attained by 
hybridation and selection. 

In the course of his remarks Dr. MacDougal took 
occasion to refer to the popular and general belief that 
“plants have been changed by cultivation.” 

“At the present time,” he said, “no evidence exists 
to show that the farm, garden, or nursery has ever 
produced alterations which were strictly and continu- 
ously inheritable, or were present, except under en- 
vironic conditions similar to those by which the altera- 
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tions were produced, although vague statements and 
erroneous generalizations to the contrary are current. 
It is true of course that structural and physiological 
changes may be induced in a strain of plants in any 
generation which may persist in a share to the second, 
or even in some degree to a third, but no longer. 

“It is by no means intended to maintain that the 
stream of heredity may not be altered by the action 
of external agents, and the possibility of having such 
changes ensue in experimental cultures beckons with 
alluring finger to the observer. So important do I 
hold this aspect of the matter that a series of experi- 
ments, yet in progress, were begun previous to the 
mutation cultures, and these tests have been continued 
and expanded until one plant is now undergoing cul- 
ture in New York, Jamaica, and in connection with 
the Desert Laboratory at altitudes of sea-level 2,300, 
5,000, 6,000, and 8,000 feet, and under conditions widely 
different from those prevalent in its original habitat. 
If at the end of the decade this or any other of the 
species under test shows any transmission of the 
characters induced by the various localities, the care 
and work necessary in the experiments will be richly 
rewarded. In this comment reference is had to factors 
presented by tillage, or entering into the environment 
of plants in their native habitats. 

“Announcement has been previously made that mu- 
tations may be induced in a species not hitherto active 
in this respect, and that it is possible to call out new 
species by the intervention of external agents during 
the critical period. Not less important than the fore- 
going is the unavoidable implication that breaks, sal- 
tations, or discontinuous action may be caused in in- 
heritance by forces external to the protoplasts and 
cells which are the true bearers of the hereditary 
characters. The technique of the methods by which 
such changes are induced might be simulated by the 
action of gaseous emanations from the soil, radio- 
action, or by the stings and incisions of insects, but 
certainly these possible factors would be as potent 
with wild as with cultivated plants, as may be seen 
in the description of the manner in which such 
changes have been produced. 

“If the observer become interested in the hereditary 
action of his plants in addition to a comparison of 
their anatomical and physiological qualities, it then 
becomes necessary to follow his plants from genera- 
tion to generation, to ascertain to what extent and in 
what manner variation may ensue. The first step in 
this work is to secure purely fertilized seeds. 

“Hybridation is not common among plants except 
in a few genera, yet in tests which must be continued 
for a number of years every precaution must be used 
to insure accuracy of results. The observer there- 
fore covers the unopened flower buds of the individu- 
als from which he wishes to procure seeds with bags 
of paper, or other suitable tissue, and then makes 
sure that pollination is secured spontaneously or by 
hand, with no danger of admixture of any kind. 

“In due time the ripened seeds, with photographs, 
notes, and proper herbarium material, are taken from 
the parental individuals. With the first lot of seeds 
on hand the next step is to make a pure culture from 
them. To do this a quantity of soil of the proper 
consistency is secured, and while in a moist condition 
is heated to the boiling point of water in an oven 
on two succeeding days, or better still to a higher 
temperature in an autoclave for four or five hours. 
The treated soil may now be stored to be used as 
wanted, but at all times it must be guarded from 
possible contamination by the introduction of foreign 
seeds. 

“Seed-pans of earthenware or shallow wooden boxes 
are next secured and thoroughly washed in clean water 
and filled with sterilized soil, after which they are 
set in place in a cold frame, or in a greenhouse or 
germinating chamber. As each pan is to be used it is 
taken to a..special operating table, the selected seeds 
are sown directly from the packet, so that from three 
to five hundred (in the case of small seeds) are evenly 
distributed over the surface. A thin, even layer of 
earth is sifted over the seeds, a wooden label is 
affixed to the pan, giving all necessary data, and 
the pan is returned to the culture room. 

“If more than one species is being tested at the 
same time, the greatest care must be used to prevent 
admixture, and the remote separation of the pans 
may be necessary. The splashing of water from a 
hose, the contact of the nozzle or of the spout of a 
sprinkler, the careless brushing of a sleeve or the 
hand against the dirt, may result in the transference 
of seeds and the vitiation of years of labor and care, 
especially if a complicated series of tests is under 
way. 

“Having observed all of the above precautions, the 
seeds finally sprout in. due time, unfold the seed 
leaves, and begin development. The remote possibility 
is to be taken into account that the parental individu- 
als may have been hybrids and that this, the second, 
generation may illustrate the resolutions, combina- 
tions, dominancy, and recessivity of the ancestral 
characters. If, however, no such differentiation be en- 
countered, the observer has before him a progeny 
which by the multiplication of his seed pans may be 
made to include as many individuals as might. be found 
in a great geographical area during any season.. The 
accurate examination of this material and- of .that 
offered by succeeding generations may reveal evidence 
of the highest interest, bearing upon various problems 
of heredity. It is to be noted that if guarded seeds 
were not obtained for the beginning of the tests, the 
more important work must await the second genera- 
tion under observation for its beginning. 

“In even the first examination of the progeny of any 
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physiologically unified strain, it will be evident that 
some diversity of form and appearance is present, 
This variability is generally of the fluctuating ty) «: 
that is, the entire number of individuals present may 
be arranged in a series with respect to any quali: . 
Thus if the one with the narrowest leaf-blades and |e 
one with the widest are placed at opposite poles, the 
others may be arranged in a continuous series whic) 
shades by the smallest increments from one to the 
other. In making such an arrangement it will ie 
found that the greater number resemble or lie ner 
an individual or group of individuals at some place 
along the line between the two extremes, Statistic«| 
measurements of this or any other quality may be 
made, and the position of the norm of the type deter- 
mined accurately, as well as the range of variability. 
In like manner the corfelation between any two charav- 
ters or qualities may be worked out. Now, having 
in hand such a mass of data from the initial cultur:, 
a fair basis is had for taking up various questions. 
Thus a succeeding generation might be grown in soi! 
deficient in any nutritive factor, or poor in all of 
them, in rich soil, or in a sub-stratum highly charge: 
with any element, or at unusual temperatures for the 
purpose of determining the extent and manner in 
which the range cf variability may be altered by such 
special treatment, and this may be accentuated by the 
continuance of the test in successive progenies. 

“Then again the pedigree culture offers a fair op- 
portunity for a demonstration of the influence of the 
effects of selection upon the range of variability and 
the mean value of any quality. Comparative cultures 
of seeds taken from the widest-leaved individuals with 
those of the narrower leaves will tend to show the re- 
sult of such selection, especially if the selection is 
continued through several generations. In all of these 
tests it is assumed that the seeds for the following 
generations should in all instances be guarded as 
directed above and sown in sterilized soil. With such 
close series of cultures the question of self- and close- 
fertilization might arise, and here again the culture 
affords invaluably exact material for a test of a sub- 
ject upon which but little definite information ex- 
ists. 

“The possibilities of the pedigree culture are by no 
means exhausted with covering the above points, espe- 
cially if the plants chosen for the objects happen to 
be capable of vegetative reproduction, that is by cut- 
tings or slips, in which case comparisons should be 
made of progenies grown from seeds of the plant 
with wide leaves with individuals grown from slips 
of the same, and alse compared with others from the 
extreme end of the series. 

“It is by undiscriminating discussion of horticul- 
tural operations involving seed selection and hybrida- 
tion, followed by vegetative propagation, that the pub- 
lic mind has become confused as to the nature and 
possibilities of selection, notably by the ‘popular’ and 
pseudo-scientific descriptions of the thorough work 
of Mr. Burbank. By successive selections certain fea- 
tures such as size or quality of a fruit are forced to 
a maximum development perhaps in a single plant, 
or may be in hundreds, after which the desirable qual- 
ity is carried along, or propagated, in quantity by 
cuttings of the original plant, thus excluding a pos- 
sibility of a return to the average habit of the species. 

“Or in hybrid combinations and resolutions, the 
desirable constitution of some horticultural form may 
be secured only after the most highly complicated and 
repeated crossing, with a result too complex to be 
easily analyzed. With one desirable individual at 
hand which produces nuts, berries, cherries, apples, 
potatoes, or plums, or timber, it may be made to pro- 
duce hundreds and thousands quite exactly like it 
merely by using its buds and branches for grafting, 
budding, and propagating. The use of seeds of the 
desirable form either from the original or from any 
of its derivatives might give play to all of the com- 
plex activity of the splitting of hybrids and of the 
free play of fluctuating variability.” 

In conclusion Dr. MacDougal made the important 
announcement that mutants had been forced to pre- 
sent themselves by the application of chemicals to the 
reproductive organs of parent plants. He _ intro- 
duced the subject by the statement that “despite gen- 
eral assertions to the contrary, no evidence has yet 
been obtained to prove that the mere influence of 
cultivation or of the pressure or action of environ- 
mental factors has produced any permanent alterations 
in hereditary characters of unified strains of plants. 

“The above is not meant as a sweeping assertion 
that hereditary characters may not be altered by 
agents external to the protoplast that bears them. On 
the contrary, the experiments, now well advanced d 
conclusively verified and here described for the first 
time, show that saltatory inheritance has been in- 
duced by the action of external agents upon the ovules 
of two species of seed plants. These alterations result 
in the formation of atypic individuals, which pos=-ess 
many qualities and capacities accompanied by °2- 
atomical characters not shown by the parent form. 
These individuals constitute mutants in the sens’ !0 
which the term has been used by De Vries, ani «re 
found to come true in the second generation, wit! '2 
the range of fluctuating variability, and are there!vre 
real departures from the hereditary strain. Their ©a- 
pacity for survival would depend entirely upon tne 
environmental conditions with which they might 
confronted.” Of the experiments and what led to them, 
Dr. MacDougal said: 

“Having carried on pedigree cultures with a la: *e 
number of species for several years, and having ©n- 
countered some which did and others which did ‘ot 
give rise to aberrant individuals, attention was i 
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;ected to the possibility of inducing changes in the 
| creditary elements in such manner that the qualities 
‘cansmitted would be altered or destroyed. A theo- 

tical consideration of the subject seemed to indicate 
nat the changes constituting the essential operation 

{ mutation ensued in a stage previous to the reduction 

ivisions in the embryo sac or the pollen mother 
ells. It was planned therefore to subject these struc- 
ures to the action of chemical agents not ordinarily 
neountered by the elements in question at a time 
vefore fertilization occurred. The tests were planned 
o include the use of a solution of high osmotic value, 
ind mineral compounds some of which are toxic in 
oncentrated solutions and stimulating in the propor- 
‘(ions used. The probability of success would be 
heightened with the number of ovules contained in 
any ovary operated upon, and therefore the common 
-vening primrose, Oecenothera biennis, Raimannia 
odorata, a relative of it and a member of the same 
family, Begonia, Cleome, Abutilon, Sphaeralcea, and 
Mentzelia and others were experimented upon. With- 
out recourse to the detail of the work, it may be stated 
that the use of sugar solutions (ten per cent) and so- 
lutions of calcium nitrate, one part in one to two 
thousand of distilled water, with capsules of Raiman- 
nia odorata and zinc sulphate in a stronger solution 
used with O. biennis was followed by very striking 
results. 

“In the first-named plant there appeared in the 
progeny obtained from a few capsules of one indi- 
vidual several individuals which were seen to differ 
notably from the type; with the appearance of the 
cotyledons, and as development proceeded, it was 
evident that a mutant had appeared following the in- 
jections and nowhere else, and thus to have some 
direct relation to the operation. The characters of the 
newly-arisen form were so strikingly aberrant as to 
need no skill in their detection. The parent was vil- 
lous-hairy, the mutant entirely and absolutely glab- 
rous; the leaves of the parent have an excessive linear 
srowth of the marginal portions of the leaf blades, 
and hence become fluted; the excess of growth in the 
mutant lies along the midrib, and the margins become 
revolute. The leaves are widely different in width, 
those of the mutant being much narrower. The 
parental type is of a marked biennal habit, and near 
the close of the season the internodes formed are ex- 
tremely short, which has the result of forming a 
dense rosette; the mutant forms no rosette by reason 
of the fact that the stem does not cease or diminish 
its rate of elongation, and hence presents an elon- 
gated leafy stem, which continues to enlarge as if 
perennial. The first generation of the derivative 
came to bloom at the beginning of the present year, 
and bare mention of the existence of the derivative 
was given in a lecture before the Barnard Botanical 
Club at that time. The real value of the changes in- 
duced, however, lay in the transmissibility of the 
newly-exhibited qualities. The flowers of the mutant 
were closely guarded, and as soon as the seeds were 
obtained, these were planted to obtain a second gen- 
eration. A few plants were obtained, which in every 
particular conformed to the new type and exhibited 
po return to the parental type. 

“Injections of the ovaries of Oenothera biennis 
were followed by the production of one individual, 
which was recognizably different from the parent 
type in many qualities, some of which were plain- 
ly apparent even in the earliest leaves of the seed- 
lings. 

“The succeeding generations of this mutant are yet 
to be tested. The parental form has been under ob- 
servation for five years in culture and in a wild con- 
dition. An aberrant form, which appears to be ever- 
sporting, has been previously figured, and while this 
form appeared in the injected or treated seeds in a 
normal proportion, yet the newest aberrant has not 
been seen elsewhere. The probability must be taken 
into account that it may be a mutant of rare occur- 
rence, the cycle of which came within the experiments, 
but in either case it is plainly a mutant, and it only 
remains to be seen whether or not it was induced by 
the action of the zine solution. The presumption 
seems to favor such a conclusion. 


THE INTELLECTUAL VALUE OF TOOL WORK.* 


MAN, like the animal, has natural wants, which he 
must gratify in order to live on the earth. While the 
animal needs food, and to some extent shelter, man 
needs food and shelter and clothing. In order to get 
possession of these things he must struggle for them 
and wrest them from nature, depriving plants and 
animals of their vital principles and converting them 
‘to his own uses. Whereas the plant feeds upon soil 
and atmosphere in so far as it finds them in imme- 
diate contact with itself, and the animal is able to 
seek a new environment and use its limbs as tools or 
instruments with which to seize upon the means of 
supplying its wants, man, on the other hand, although 
less endowed with strength than many of the animals, 
and with scanty natural provision for clothing, yet 
is able to surpass the animal in gratification of his 
wants, by cunningly aiding his natural forces and 
instruments by invented ones. He devises instru- 
ments out of natural materials, mineral, animal, and 
vegetable substances and their chemic elements, of 
such efficiency as to enable him to command the re- 
sources of land and sea and air. 

Whatever seems at first a limitation to him, or a 
hostile might threatening him with destruction, or 
imposing upon him the necessity of drudgery for 


*A paper read by W. T. Harris hefore the National Educational Asso- 
ciation, in Nashville, Tenn., Jwy 15, 1889, 


daily assistance, becomes by and by an auxiliary 
power friendly to man after he has conquered it by 
the magic of his intellect. 

Man, as inventor of tools and machines and the 
combiner of nature’s forces, presents for us the most 
interesting object in the universe. Let us take a sur- 
vey of him as the maker of tools and the wielder of 
them. Intellectual and moral power unite to give 
man this power of invention. It is intellectual cun- 
ning which discovers the powers and adaptations of 
things and converts them to his uses. It is the moral 
power of self-conquest that enables man to sacrifice 
the ease and comfort of the present moment and to 
endure privation, in order by industry and patient 
attention to accumulate a capital of physical means 
and acquired experience sufficient to produce an in- 
vention. 

The first step above the brute instinct begins when 
man looks beyond things as he sees them existing 
before him and commences to consider their possibili- 
ties; he begins to add to his externa! seeing an in- 
ternal seeing; the world begins to assume a new as- 
pect; each object appears to be of larger scope than 
its present existence, for there is a sphere of possi- 
bility environing it, a sphere which the sharpest ani- 
mal eyes of lynx or eagle cannot see, but which man, 
endowed with this new faculty of inward sight, per- 
ceives at once. To this insight into possibilities there 
loom up uses and adaptations, transformations and 
combinations in a long series stretching into the in- 
finite behind each finite real thing. The bodily eyes 
see the real objects, but cannot see the infinite trails; 
they are invisible except to the inward eyes of the 
mind. 

What we call directive power on the part of man, 
his combining and organizing power, all rests on this 
power to see beyond the real things before the senses 
to the ideal possibilities invisible to the brute. The 
more clearly man sees these ideals the more perfectly 
he can construct for himself another set of conditions 
than those in which he finds himself. 

Men as tool workers, as managers of machines, 
participate in this higher kind of perception in dif- 
ferent degrees, but all have it to some extent. The 
lowest human laborer has the dimmest notions of 
these ideals; they are furnished him by others; he 
is told what to do; he furnishes the hands to work 
with and someone else furnishes the brains or most 
of the brain work. Unless a directing mind is near 
by to help at every moment with the details of some 
ideal, the rude laborer ceases his work, having no 
knowledge of what is required next. His capacity to 
grasp an ideal is very small; he can only take it in 
tiny fragments—small patterns dealt out to him as a 
hand by the directing brain of the overseer or “boss.” 

It seems a waste of power to have two brains to 
govern one pair of hands. It is evidently desirable 
to have each laborer developed in his brain, so as to 
be able to see ideals as well as to realize them by his 
hands. 

The development of this desirable power we call 
education of the intellect, and its chief means is 
science. Science is the systematized results of obser- 
vation. Each fact in the world is placed in the light 
of all the other facts. All facts are made to help ex- 
plain each fact. This is science. Now, each fact rep- 
resents only one of the many possible states of exist- 
ence which a thing may have. When one state of ex- 
istence is real the others are mere possibilities, or, 
as they are called, “potentialities.” Thus water may 
exist as liquid, or vapor, or ice, but when it is ice 
the liquid and vapor states are mere potentialities. 

Science collects about each subject all its phases of 
existence under different conditions; it teaches the 
student to look at a thing as a whole and see in it 
not only what is visible hefore his senses, but what 
also is not realized and remains dormant or potential. 
The scientifically educated laborer, therefore, is of a 
higher type than the mere “hand laborer,” because he 
has learned to see in each thing its possibilities. He 
sees each thing in the perspective of its history. Here, 
then, in the educated laborer we have a hand belong- 
ing to a »rain that directs, or that can intelligently 
comprehend a detailed statement of an ideal to be 
worked out. The laborer and the “boss” are united 
in one man. 

There are, as we have said, different degrees of 
educated capacity, due to the degree in which this 
power of seeing invisible potentialities or ideals is 
developed. The lowest humanity needs constant di- 
rection and works only under the eye of an overseer; 
it can work with advantage only at simple processes; 
by repetition it acquires skill at a simple manipula- 
tion. The incessant repetition of one muscular act 
deadens into habit and less and less brain work goes 
to its performance. When a process is reduced to 
simple steps, however, it is easy to invent some sort 
of machine that can perform it as well or better than 
the human drudge. Accordingly, division of labor 
gives occasion to labor-saving machinery. The human 
drudge cannot compete with the machine and is 
thrown out of employment and goes to the almshouse 
or perhaps starves. If he could only be educated and 
learn to see ideals, he could have a place as manager 
of the machine. The machine requires an alert in- 
tellect to direct and control it, but a mere “hand” 
cannot serve its purpose. The higher development of 
man produced by science therefore acts as a goad to 
spur on the lower orders of humanity to become edu- 
cated intellectually. Moreover, the education in 
science enables the laborer to easily acquire an. insight 
into the construction and management of machines. 
This makes it possible for him to change his vocation 
readily. There is a greater and greater resemblance 
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of each process of human labor to every other now 
that an age of machinery has arrived. The differences 
of manipulation are grown less, because the machine 
is assuming the handwork and leaving only the brain 
work for the laborer. Hence there opens before labor 
a great prospect of freedom in the future. Each per- 
son can choose a new vocation and succeed in it with- 
out long and tedious apprenticeship, provided that he 
is educated in genera) science. 

If he understands only the theory of one machine, 
he may direct or manage any form or style of it. He 
could not so easily learn an entirely different machine 
unless he had learned the entire theory of machinery. 
The wider his knowledge and the more general its 
character, the larger the sphere of his freedom and 
power. If he knows the scientific theory of nature’s 
forces, he comprehends readily not only the machines, 
but also all nature’s phenomena as manifestations of 
those forces. Knowledge is educative in proportion 
to its enlightening power or its general applicability. 
The knowledge of an art is educative because it gives 
one command in a sphere of activity; it explains ef- 
fects and enables the artisan to be both brain and 
hand to some extent. A science lifts him to a much 
higher plane educatively, because he can see a wide 
margin of possibilities or ideals outside of the pro- 
cesses in use, and outside of the tools and machines 
employed. 

Education, then, takes these three steps: First, to 
do what is directed by authority; secondly, to know 
the theory of the art or trade as it is and has come 
down by tradition; thirdly, to know the general 
science of the subject, and comprehend not only the 
processes that have been realized, but the possibility 
of others. 

The civilization in which we live is well character- 
ized as a scientific one, and it is making great strides 
toward the conquest of nature. It demands, too, as 
we see, an education for all people. There is less and 
less place left for the mere drudge—all hands and 
no brains. Machinery can do his work so cheaply that 
his wages must be very slender. The education de- 
manded, moreover, is not the training in technical 
skill so much as in science. For the more general 
training emancipates the laborer from the deadening 
effects of repetition and habit, the monotony of at- 
tending the machine, and opens up a vista of new in- 
vention and more useful combinations. 

While the student is learning a method of doing 
something his brain is exercised; when the process 
has become a habit, it is committed to his hand, and 
his intellect is not required again except for new com- 
binations. This is true of all machine work, of all 
tool work. Its theory is soon exhausted, and the 
deadening process of habit sets in. Science is per- 
petually living, always educative. The mind goes 
from principle to principle; it discovers and inven- 
tories new provinces of nature, and applies its princi- 
ples to their explanation. In reaching vaster unities 
of nature, it finds deeper principles. 

Not the study of tools and machinery, but that of 
natural science, is more educative, therefore, because 
it keeps the mind in perpetual activity. 

If we pause here and ask ourselves, What is the 
scope of the inquiry thus far made? we shall be 
obliged to confess that we have regarded man only in 
his animal nature—possessing bodily wants of food, 
clothing, and shelter. We see at once that this is no 
inventory of man’s wants—it falls infinitely short of 
his requirements as a spiritual being. If machinery 
were invented so that he could get food, clothing, and 
shelter in abundance and of the finest quality at the 
cest of a moment’s labor each day, all this would be 
of small account as an item of civilization unless the 
human energy saved from drudgery had found chan- 
nels of expenditure in the vocations relating directly 
to the education of the spiritual nature of man. 

Here we come to the all-important distinction be- 
tween that which belongs only to the nature of a 
means instrumental to something else different from 
itself, and that which is an end for itself. The human 
mind or soul is an end for itself. Matter and the 
body are only instrumental, only means for the per- 
fection of the soul. 

What, we inquire, are the ideals of perfection of 
the soul, then? For it would seem that all through 
our industrial processes there should have prevailed 
a guiding purpose to subordinate all human endeavor 
to the interest of the mind. We have already taken 
note of the science of nature as a purely theoretical 
study, more educative than any form of art because 
it is the source of inexhaustible activity in the in- 
tellect. Nature in time and space is one world for 
man’s scientific mastery. Over against this there fs 
another world for his science—the world of mind. 

Nature is before us as organic and inorganic realms. 
Mind reveals itself in three forms—thinking, willing, 
and feeling. Leaving this psychological point of view, 
it will be more interesting for us to look at the world 
of humanity in three pects. Human nature has re- 
vealed itself in institutions, social structures organ- 
ized so as to make the strong help the weak; the ma- 
ture assist the immature; the wise the simple. These 
institutions are the family, civil society, the state or 
nation, and the church. These institutions are the 
outgrowth of the human will; in the business of edu- 
cation the youth learns human nature as will in 
studying history—history taken in a very broad sense. 
But even history in a narrow sense gives him glimpses 
of all these institutions acting and reacting upon 
each of these. One sees the evolution of civilization 
by the study of history. Here, then, is a branch of 
study which we must regard as educative in the high- 
est possible degree. Natural science, valuable as it 
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is in emancipating us from drudgery, is rather a 
science of that which is a means for the development 
of man as a spiritual being. But history is a science 
of that which is an end for itself, because it is the 
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thought. If youth can be taught to bring their pow- 
ers to bear on such ideal subjects as arithmetic, gram- 
mar, history, and literature, they certainly can with 
ease give their minds to any form or manual trainin 


kore. 


DITCHING THE STATEN ISLAND, NEW YORK CITY, SALT MARSHES. 


exhibition of the structure and evolution of civiliza- 
tion. 

History is only one of the spiritual sciences. There 
are sciences that relate to mind as intellect in its 
essence, such as philosophy and psychology and logic, 
with kindred sciences like comparative philology offer- 
ing to us the revelations which different peoples of 
the earth have made of their mental structure in lan- 
guage. This study deals also with that which is an 
end for itself. Again, there is the department of liter- 
ature and art, in which man has portrayed for him- 
self his human nature in the form of feelings and 
convictions leading outward and upward to thoughts 
and actions. For the heart is in a certain sense the 
primitive fountain from which flows the life-thread 
before it is divided into the strands of intellect and 
will. Literature shows us this deepest source of civili- 
zation. Homer, Dante, Shakespeare, and Goethe re- 
veal prophetically what after ages work out into clear 
thoughts and actions. Here then is another, and a 
very: important,.study of what is always an end for 
itself: 

History, the revelation of the nature of human will; 
philology and philosophy, the revelation of what is 
essential in the human intellect, or the divine part of 
it; literature and the fine arts, the revelation of the 
human heart! 

First; human nature evolves a dim feeling; then 
develops it into an idea; then realizes it in a deed, 
and it becomes an institution to bless the race. 

There are three departments to the world of human 
nature, and two departments to the world of nature 
below man—organic in plant and animal, inorganic 
in matter and force. . 

With this survey of human learning, we are now 
prepared to see what the school has done in the past 
and present to provide an educative process for the 
child by giving him a survey of the two worlds in 
which he lives, the material and spiritual worlds— 
the world of means to an end outside of itself, and 
the world which is an end for itself. 

School education should open five windows of the 
soul, and let it look out upon the two departments of 
nature and the three departments of mind. Now it 
surprises us at first to see that school education has 
done this very thing by its course of study. Arithme- 
tie gives the first glimpse of inorganic nature, for it 
reveals the nature of quantity, and quantity gives the 
law to time and space, and to all bodies. Then in 
geography a glimpse is given of organic nature as re- 
lated to the inorganic on the one hand, and as related 
to man on the other—a very educative study indeed! 
Then there is grammar, which looks into the logical 


structure of the intellect as revealed in language: 
history, which reveals the human will: literature in 
the school readers, showing how the great geniuses 


of the language have revealed the aspirations of the 
people in impassioned prose and poetry. 

The school does something more than give this all- 
round glimpse of man's fivefold world. The school 
teaches the pupil. how to restrain his animal impulses 
to prate and chatter, disturbing the work of others, 
and himself idle; it teaches him the great lesson of 
industry and perseverance; it teaches him regularity 
and punctuality, the great virtues that lie at the 
basis of all human combination; it teaches courtesy 
and good social behavior; it lays greatest stress on 
truth-speaking, by showing the pupil in every recita- 
tion how important it is to be accurate in statement, 
and to fix the exact facts by verification and research. 

The studies and disciplines of the school therefore 
open the windows of the intellect upon all points of 
the horizon of existence, and they train the will to 
labor at what is most difficult because most unusual 
for the animal nature. The lower organized human 
being can work with his hands with pleasure, while 
it is still a task of great difficulty for him to contem- 
plate ideas or undertake any sustained trains of 


or the work of external observation, because the 
greater includes the less, and the studies of pure 
science are far more difficult to carry on than studies 
in applied science. 


A SMALL DIRECT DRAINING DITCH WITH MINIATURE 
CROSS BRANCH DRAINS. 


If we now ask the question, What is the compara- 
tive value of tool work? we may see our way to reply: 
Tool work without the theory of construction is edu- 
cative to some extent, especially in the first stages of 
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its practice. Tool work taught with the theory of 
machinery, with applied mathematics, is far more 
educative than mere tool work, and its educative in- 
fluence lasts for a much longer time. Tool work with 
its theory and with natural science is permanently 
educative, and it does much to raise manual labor 
above drudgery, and especially is this the case if it is 
studied with the history of ornamentation and with 
careful cultivation of xsthetic taste. 

But when compared with the present course of 
study in the schools it cannot be claimed that manual 
training opens any new windows of the soul, although 
it may give a more distinct view from the window that 
opens toward inorganic nature. 

There remains, notwithstanding, a permanently 
valid place for the manual-training school side by 
side with apprentice schools for all youths who are 
old enough to enter a trade, and who are unwilling 
to carry on any further their purely culture studies. 
Cultivate the humanities first and afterward the in- 
dustrial faculties. In our civilization there ascend 
out of the abyss of the future problems of anarchy 
on the one hand and of socialism on the other; indi- 
vidualism carried to such extremes that all subordina- 
tion to peaceable and established law is deemed a 
fetter to freedom. This centrifugal tendency to an- 
archy is paralleled’ by a centripetal tendency that 
wishes to have the central government perform not 
only all the duties of establishing justice and securing 
the public peace, but also to have it own all the prop- 
erty and manage all the industries. In short, the 
nationalists propose abolishing the sphere of competi- 
tion and individual enterprise. Education in the his- 
tory of the world, and in the literature that reveals the 
aspirations of the human heart, is well calculated to 
prepare the youth for a rational verdict on the ex- 
treme issues that will continually arise among a free 
people. Above all, we must never yield to the eco- 
nomic spirit that proposes to curtail the humanizing 
studies in our schools for the sake of adding special 
training for industries. Rather must we do what we 
can to extend the period of study in pure science and 
the humanities, knowing as we do that all which goes 
to develop the ability of the youth to see possibili- 
ties and ideals, goes to make him a more productive 
laborer in the fields of industry. 


MARSH RECLAMATION AS A PREVENTIVE OF 
MOSQUITO GENERATION—COMMERCIAL USES 
OF RECLAIMED MARSHES. 


Ir is now so well known that both malarial and 
yellow fever can be abated and controlled by diminish- 
ing the generation of mosquitoes, certain species of 
which have been proven to be the means of promoting 
these diseases, that public measures have been insti- 
tuted, through the aid of proper legislation, on a large 
scale to drain and reclaim vast areas of salt marsh 
meadows along the New Jersey and New York coasts, 
thereby abolishing the myriads of stagnant pools, the 
breeding places of mosquitoes. The State of New Jer- 
sey recently appropriated $350,000 to promote this work, 
due mainly to the results obtained by Prof. John B. 
Smith, the State Entomologist of New Jersey. The 
Board of Estimate of the city of New York has appro- 
priated $17,000, to be used under the direction of Alvah 
H. Doty, M.D., health officer of the port of New York, 
for the reclamation of the marshes adjacent to the 
southerly and western shores of Staten Island, New 
York. 

The illustrations show the condition of the flooded 
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murshes, and the men at work digging the ditches. The 
plan is to dig small ditehes about two feet deep and 
twelve inches wide from forty to fifty feet apart, to 
cov neet with natural small creeks or outlets, and im 
other cases where the natural creeks are not near 
enough together, to construct larger, wider drains into 
which the smaller ditches can run. At the river or 
bay side part of the marsh a dike is constructed, suf- 
ficiently high to hold back the water from flooding the 
murshes at the highest tides, and properly faced to 
resist the action of small waves. The result of this 
s)stem of drainage is that rain water is not left stand- 
inx on the surface of the meadow, but passes below 
through the spongy soil into the drains. They are made 
vith a very slight incline at the bottom, to cause the 
v ater to gravitate toward the main outlet. Sluice gates 
are placed at the mouths of the principal creeks and 
cutlets, which permit the tide to enter daily and fill 
ihe drain ditches half to three-quarters full of fresh 
water. It is found when this is done the minnows (or 
mosquito-eating fishes) will run to the extreme end of 
ihe drains, and destroy the floating mosqpito larva, 
just under the surface of the water. Work about the 
Staten Island shore began in November, 1905, and it 
is estimated up to the present time that nearly two 
hundred miles of ditches have been dug, and from 
fifteen to twenty square miles of swamp land have been 
drained. 

Since this work has been done there has been a no- 
ticeable falling off of the mosquito crop over previous 
years, in spite of the fact that the present summer 
has been unusually wet. Roads are readily built on 
drained meadows; they always retain their hardness, 
for the reason that the surface water is immediately 
drained off into side ditches dug parallel with the 
road. The sections of the meadow taken from the 
diteh form the foundation of the road, over which is 
put a coating of gravel. , 

Since mosquitoes germinate in still or stagnant water, 
it is only necessary to prevent such conditions, to stop 
their multiplication. In small ponds not easily drain- 
able the use of kerosene floating on the water will pre- 
vent the propagation of the mosquito. It is self-evi- 
dent the treatment of large areas of marshes should 
be under State or federal supervision, and there is no 
reason why a public law like the irrigation law should 
not be enacted, by which federal aid can be extended 
to marsh reclamation. 
extermination idea may lead to. 

The utilization of salt meadows for garden truck 
purposes, after they have been diked, ditched, and 
drained, in a general way is well illustrated in an ex- 
perimental farming operation begun in the spring of 
this year at Stratford, Connecticut, on a ten-acre sec- 
tion of reclaimed salt meadow, being a portion of some 
two hundred acres of salt marsh that were diked and 
drained several years ago, lying just east of the city of 
Bridgeport. 

The experiment is being carried out bythe Strat- 
ford Land and Improvement Company undér the super- 
vision of Mr. Frank R. Sammis, general gjanager. 

The illustrations from photg@graphs sho e method 
of disintegrating the surface black-muck-like soil by 
means of a rotary cutter plow drawn by a pair of 
horses, having thin plate-like metal shoes, about ten 
inches in diameter, fitted over or upon the regular 
horseshoe of their feet, and called bog or marsh shoes, 
to prevent the horse from sinking into the spongy, soft 
soil. The section, covering about ten acres, was first 
protected from overflow from the outside meadow by 
throwing up a small dike about two feet high all around 
it, and using the ditch running parallel to the dike 
as a general drain, which can be seen’in one of the 
illustrations. Into this main encircling ditch are run 
smaller sub-drains graded to carry off the seepage 
water that passes through the soil, thereby preventing 
the settlement of water on the surface. The sub- 
drains are made in a peculiar way, the bottom being 
very narrow and bridged over about eight inches above 
by a wider sod, the whole space above being filled in to 
the surface level, so that no ground is lost for cultiva- 
tion purposes. This method of draining is the inven- 
tion of Mr. Frank R. Sammis, and appears to work very 
satisfactorily. In September, 1905, over two tons of 
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salt hay was cut from this ten-acre area. 

In the spring of this year the ground was plowed, 
broken up, and prepared for planting. The following 
is a list of the seeds and plants put in: Asparagus, 
two varieties of strawberries, celery (early and late 
varieties), cauliflower, cabbage, onions, itusk and water 
melons, cucumbers, lettuce, sweet corn, field corn, po- 
tatoes, oats, about an acre of grass composed of red 
top, timothy, and alsila clover. All of the plants 
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grew well, particularly the onions, celery, asparagus, 
cucumbers, and melons. Our illustrations show the 
rows of celery and the onion patch as they appeared 
on August 6 this year, after about three months’ 
growth. 

The clover was particularly luxuriant, and the grass 
was cut about August 1, producing two tons of hay, 
which is regarded as an excellent record, since the 
seed was not sown till May 10 of this year. 

The experiment so far is particularly pleasing to Mr. 
Sammis, and he is confident of its ultimate success, in 
view of the fact that the unusually wet season this 
summer has had no bad effect on the plants. The 
stockiness of the onions and of the early celery is 
particularly noticeable. The juice of the celery has a 
slight salty taste. 

It is an example of what may be gotten out of here- 
tofore waste places composed of rich material for tne 
promotion of plant growth, having an inexhaustible 


PREPARING RECLAIMED SALT MEADOW FOR 
VEGETABLE CULTIVATION BY A ROTARY CUTTER, 


supply of moisture for the plant foots and excellent 
heat and air conditions above ground, with no need 
of the application of artificial manures. By this means 
truck gardening on a large scale can be carried on 
economically near cities, where there is a quick and 
ready market. Aside from the elimination of the 
mosquito generation by the draining process, the com- 
mercial value of vast stretches of marshes devoted to 
garden truck raising cannot be estimated. It is an ex- 
periment full of great promise. 


THE PRESSURE OF EXPLOSIONS—EXPERIMENTS 
ON SOLID AND GASEOUS EXPLOSIVES. 


By J. E. Perave. 
AtrHoucn this subject has been dealt with by nu- 


“merous investigators, certain branches of it still remain 
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practically untouched. Much light has been thrown 
on it by the investigations of J. E. Petavel described 
in a recent paper presented before the Royal Society. 
With regard to the solid explosives used in ballistic 
work, the maximum pressure developed is usually well 
known, but ‘the conditions which govern the combus- 
tion of the charge and the rate of cooling of the gas- 
eous products require further investigation. 

Explosive gaseous mixtures have only been studied 
at initial pressures but little above that of the atmo- 
sphere. Even in the case of coal-gas and air, which 


STRATFORD, CONN. CULTIVATED SECTION OF 
MEADOW. ROWS OF CELERY IN FOREGROUND, 
CABBAGE AND CORY IN THE REAR, AUGUBT 6, 1906, 


forms an exception to this rule, the work has not been 
extended to high pressures. “ 

The first part of the paper describes the apparatus 
which was used for the investigation of both solid 
and gaseous explosives; the second part deals specially 
with the properties of cordite. The pressures are 
photographically recorded on a revolving cylinder by 
means of a specially constructed manometer. This 
manometer was designed with the object of securing 
the lowest possible time period. 

The rise of pressure during the explosion of even 
the fastest cordite was, by means of this instrument, 
accurately inscribed without any oscillations being 
set up in the mechanism of the recorder. The pres- 
sures measured range from 100 to 1,800 atmospheres 
(0.7 to 12 tons per square inch). 

Many of the results obtained during the study of 
cordite are most easily expressed graphically, and a 
study of the curves given in the paper will be found 
preferable to the most careful abstract. In dealing 
with such a subject, general statements bereft of the 
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necessary explanations and qualifications are apt to be 
somewhat misleading. 
Mr. Petavel’s investigation confirms the view that 
the combustion of cordite proceeds according to peral- 
lel surfaces. The rate at which the flame travels 
toward the center of each particle of explosive is pro- 
portional to the pressure under which combustion is 
taking place. 
This velocity is measured and it is shown how both 
the time required to reach the maximum pressure, and 
also the shape of the curve representing the rise of 
pressure, may be calculated from the data given. 
The effect produced by decreasing the diameter of 
the explosive is discussed. Though the time required 
for complete combustion decreases with the diameter, 
the shape of the curve representing the rise of pressure 
remains practically unaltered, the scale of time alone 
being changed. Thus, even were the cordite in the 
finest state of division, though the combustion would 
be nearly instantaneous the effect produced would 
always be distinct from that of a detonation. 
The maximum pressures obtained are compared with 
the measurements made by Noble with which they 
are in close agreement. It is shown that the pressure 
developed by the explosion for various gravimettic 
densities may be deduced, with a fair degree of ap- 
proximation, by formule derived from the kinetic 
theory of gases. The pressures calculated according 
to Van der Waals’s law are compared with the expert- 
mental results. 
The modifications introduced by the use of inelosures 
of different shapes are studied. When the surface of 
the inclosure is considerable as compared with its 
volume, the diameter of the cordite has a marked in- 
fluence on the maximum pressure developed. For large 
diameters the pressure is considerably below the nor- 
mal value. 
With regard to the rate of cooling the results are 
compared with those obtained by Mr. Petavel in 
previous experiments on gases under high pressures. 
The investigation leads to the conclusion that the rate 
of cooling depends essentially on the thermal conduc- 
tivity of the inciosure and not on that of the gas. 
With the massive inclosures which are necessary for 
such experiments, it is found that the rate of cooling 
varies, not in proportion to the surface but more 


3 
| 
‘ 
~ 
. 
| 
% 
i 


4 
4 
ier 


25610 SCIENTIFIC AMERICAN SUPPLEMENT No. 1598. 


nearly as the square of this value. Incidentally atten- 
tion is drawn to the very high temperatures which are 
reached by the inner surface of the steel walls. This 
throws some light on the important question of ero- 
sion. 

When the explosion takes place in a long vessel, 
wave action is frequently set up. A non-uniform dis- 
tribution of the explosive enhances this phenomenon. 
The velocity of the pressure-wave is measured and 
compared with the velocity of sound under similar 
conditions. Generally speaking the work confirms 
the remarkable properties of cordite with regard to 
its high power and to the regularity of the effects pro- 
duced. 

The paper, accompanied by some twenty figures illus- 
trating the results obtained, and followed by tables 
giving the principal numerical values, will be pub- 
lished in the columns of the Screnrivic AMERICAN 
SUPPLEMENT. 


THE TALL MOUNTAINS OF THE WORLD.* 
By Day ALLEN WILLEY. 


Tur highest points of the world may be said to be 
twenty-four mountain peaks, each of which is the 
greatest natural pinnacle on the continent or island 
on which it is located. The mountains in the order 
of their altitude are as follows: 


Feet. 
Aconcagua, South America............ 23,091 
Mount McKinley, North America...... 20,467 
Mount Victoria, New Guinea ......... 13,202 
Gunung Korintji, Sumatra............ 12,480 
Mount Erebus, Victoria Land.......... 12,365 
Mount Cook, New Zealand............ 12,350 
Pico de Teide, Canary Islands........ 12,23 
Lompobattang, Celebes .............+.. 10,069 
Petermann, Greenland................. 9,184 
Tsiafajayona, Madagascar ............ 8,626 
Podrotallegalla, Ceylon ............... 8,331 
Mount Townsend, Australia........... 7,347 
Oreafa-Joekul, Iceland ..............- 6,428 
Chydenius, Spitzbergen .............. 5,576 
Cradle Mount, Tasmania .............. 6,395 


Until recently Mount Everest was perhaps the most 
celebrated, not only on account of its great height, but 
by reason of the region in which it is located. It is 
perhaps more difficult of approach than any other of 
the world’s pinnacles, and he who would attempt to 
surmount it must spend months literally on the top 
of the world, since Everest itself stands in the midst 
of a cluster of peaks which are among the highest on 
the globe. In its vicinity are glaciers which are no 
less than 18,000 feet above sea level—much higher 
than many of the famous mountains in other parts of 
the world. 

Naturally, Everest has challenged some of the most 
noted mountaineers in the world, including members 
of the Alpine Club. The last expedition to attempt to 
reach its summit started from Great Britain in 1902. 
The party included the Englishmen Crowley, Knowles, 
and Eckenstein; the Austrian Alpinists Dr. Pfannel 
and Dr. Wessely, and the Swiss Dr. Jacot. They sent 
Swiss guides in advance. Thus far, however, it is 
understood that no one has yet reached the top. 

In addition to Mount Everest, six other peaks in the 
list mentioned have not been climbed, so far as 
known. They are Mount McKinley, Mount Erebus, 
Mount Lompobattang, Mount Petermann, Mount Tsia- 
fajavona, and Mount Chydenius. McKinley rivals Ever- 
est in interest, but only recently have explorers at- 
tempted to go up its sides. It is so far north, that 
for many miles it can only be approached over ice 
fields, and the approach alone requires months. In 
fact, it is considered far more difficult of ascent than 
Mount St. Elias, which was finally conquered by the 
Due d’Abruzzi, although the United States government 
expedition had several times failed to perform the 
feat. The last attack upon Mount McKinley was made 
in the summer of 1903 by a party of Americans, but 
they were obliged to turn back several thousand feet 
from the top, principally on account of the danger of 
avalanches and the crevasses in the glaciers. 

Mount Erebus is so far removed from the civilized 
world, that many scientists doubt if it will ever be 
ascended, although the noted volcano was discovered 
as early as 1841 by Capt. Ross. Its height has been 
estimated, however, by instruments, and is believed 
to be fully that given in the table. The other peaks 
which remain to be ascended are comparatively small, 
but have thus far resisted the mountain climber, 
owing principally to their isolation and the difficulty 
of reaching them. 

Mount Aconcagua, the giant of Argentina, was first 
climbed in 1886 by the Fitzgerald party from England, 
and two years later by Sir W. A. Conway. It is prob- 
able that they would not have reached the top if they 
had not been accompanied by Swiss guides. In fact, 
much of the credit for the most conspicuous ascents 
in recent years is due to these professional mountain 
climbers. Aconcagua must still be counted as the 
highest peak of South America, although Sir William 
Conway is of the opinion that Sorata overtops it by 
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at least several hundred feet. This distinction can- 
not be given to the latter mountain, however, until it 
is conclusively shown that it is the culminating point 
of South America. 

Kilimanjaro, the highest of African mountains, was 
finall¢ ascended by Dr. Hans Moyer after about twenty 
explorers had vainly attempted to get above its snows 
to the crater on the top. The ascent of this mountain 
was delayed by the fact that explorers could not in- 
duce their black porters to carry supplies above the 
snow line. The mountain has now been ascended sev- 
eral times, and a dozen or more great glaciers have 
been discovered moving down its western slope. The 
vegetation of every climatic zone in the world from 
the tropical to the arctic is represented on the sides 
of Kilimanjaro. 

The first man to reach the top of Mont Blanc, the 
highest point of Europe, was the guide Balmat in 
1786. He was followed the next year by the celebrated 
physicist Saussure, who made the first physical ob- 
servations that were ever recorded on a high moun- 
tain. In the past century Mont Blanc has been as- 
cended by hundreds of tourists, though the climb is 
anything but child’s play. It has also been the most 
notable field for scientific observations among all the 
great mountains. These observations have been car- 
ried out with special facilities, since an observatory 
was established near the apex of the mountain in 
1893. 

Mauna Kea, the culminating point of the island of 
Hawaii, is frequently ascended, though the cool tem- 
perature at the top causes much shivering among vis- 
itors who have spent months in the lower altitudes 
of this island. The mountain is streaked with snow 
the year round, and derives its name, which means 
“White Mountain,” from this fact. Overlooking Phil- 
ippine waters in the northeast corner of Borneo is 
Kinabalu, which was first ascended by Mr. Low in 
1851. It rises almost vertically above the surrounding 
heights, and is difficult of ascent. 

All the world knows of Fujiyama, the highest moun- 
tain of Japan and one of the most symmetrical, though 
a very severe earthquake some years ago partly de- 
stroyed the symmetry of the upper part of the cone. 
Formerly worshiped by one of the Buddhist sects, it 
is the everlasting theme of poetry and art, and is 
often reproduced in a rather conventional manner on 
the porcelain and other artistic articles of Japan. 
Snows cover its rounded crest for ten months every 
year. It completely dwarfs all other eminences with- 
in the horizon, and exceeds by some 3,000 feet most 
of the other Japanese volcanoes. Sir Rutherford Al- 
cock was the first European to ascend Fujiyama in 
1860, and the not very difficult feat has since been 
performed by hundreds of travelers. 

The famous Mount Cook, of New Zealand, waited 
long for an explorer to reach its top, and found lim 
at last some fifteen years ago in the person of a clergy- 
man named Green who, with his Alpine guide, finally 
looked down from the great eminence upon the lower 
but glittering peaks which dominate snow fields cov- 
ering many hundreds of square miles. As the traveler 
approaches the island of Teneriffe, he sees while still 
far out at sea the extinct volcano Pico de Teide, in 
appearance one of the most remarkable mountains, 
and made familiar to most children by textbook pic- 
tures. The highest point of Java, Cunung Semeru, is 
one of the most famous of volcanoes. From its crater 
was discharged in 1885 a lava stream estimated at 
over 10,000,000 cubic feet, the first of the kind recorded 
in Java, where till recently the volcanoes were sup- 
posed to eject no molten matter, but only solid sub- 
stances such as ashes and stones. 

Probably the greatest wreck of a mountain in ex- 
istence is that of Tacoma, on the western coast of the 
United States. Geological investigation proves that 
at one time it was undoubtedly 5,000 feet higher than 
at present, if not twice this altitude, but its sides and 
summit display the effect of great convulsions, which 
split the peak into segments. It is also a volcano, 
and smoke still issues from the crater, but no erup- 
tion has occurred for many years. Mount Tacoma 
with its foothills is as large as some of the small 
chains of the United States, covering an area of nearly 
5,000 square miles, and being larger than the State 
of Rhode Island. It presents some of the most in- 
teresting natural phenomena which scientists have 
yet observed. 


EFFICIENCY OF ILLUMINANTS. 


Dr. Feversacn, superintendent of one of the largest 
incandescent lamp factories in Europe, is authority 
for the first table. The figures in the second were 
given by Sir James Dewar in a recent lecture on 
“Flame” before the Royal Institution in London. 


Percentage of 
Energy Ex- Percentage of 
pended inthe Non-luminous 


Production Energy. 
of Light. 
Incandescent lamps ......... 1 99 
Percentage of Non-luminous 
Light. Energy. 
Incandescent lamp ......... 3 97 
Magnesium lamp ........... 15 85 


In spite of the great progress made in other fields 
and considering the great efficiency of electrical gen- 
erators, for instance, our electric lamps show a very 
low efficiency. The double transmutation of electrical 
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energy into heat and from heat into light seems :. 
offer an almost unsurmountable barrier against high: 
efficiency. Even the latest departures in lamps, whi! 
showing an increase in efficiency, leave still a larg. 
margin for improvements. 

The following figures may illustrate this: 


Watts per 
Spherical 
ower 
Ordinary incandescent lamp (ana 
New “metallized” filament............. 2% 
(Nernst) glower lamp................. 2% 
1% 


Newton Harrison, in Electricity, comparing the 
various sources of light gives the following approxi- 
mate values: 


Torch of resinous wood............. 
Illuminating gas lamp .............. 1/2 
Electric incandescent lamp........... 1/10 
1/100 


According to Harrison the above figures are arbi- 
trary, but they represent a relative view of the 
amounts of energy consumed to give light. The horse- 
power given for arc lamps seems too small; one-twen- 
tieth horse-power per 16 spherical candle-power would 
seem to be more nearly correct than one one-hun- 
dredth. The latter figure seems to refer to “nominal” 
candle-power. 


Per cent. 
Calling the energy of the coal pile.... 100 
Then we recover in a first-class engine. 13 
Assuming the efficiency of the electric 
generator at 95 per cent, we have... 12.3% 
The electrical energy supplied to the 
incandescent lamp is about 90 per 


And the luminous energy being 1 per 


In other words, the luminous energy of the incan- 
descent lamp represents only one-tenth of one per cent 
of the energy stored up in the coal. It would there- 
fore seem that from the point of efficiency the ordinary 
incandescent lamp is much better adapted for gen- 
erating radiant heat than for giving heat. For in- 
stance, Dr. Kellogg’s electric-light bath utilizing the 
radiant heat of electric lamps is a comparatively effi- 
cient device. 

There seems to be still a wide field open to inventors 
as to an efficient electric lamp. 


CONTEMPORARY ELECTRICAL SCIENCE.* 

EMIssion oF RONTGEN Rays.—B. Brunhes has photo- 
graphed the beam of Réntgen rays transmitted through 
an aperture in a turning disk and compared the pho- 
tograph with that of the light of the spark in the gap 
of the generating circuit, taking care to have only a 
single discharge. He finds that the spark records are 
not drawn out by the motion of the disk, whereas the 
R6éntgen ray records are consistent with a duration of 
about a ten-thousandth of a second for the discharge of 
the rays.—B. Brunhes, Comptes Rendus, February 12, 
1906. 


VeLociry or Atpna-Rays.—H. Becquerel has con- 
firmed Rutherford’s observation that when a-rays tra- 
verse a sheet of aluminium their speed is reduced. 
This applies both to radium itself and to the bodies 
giving out a-rays under the influence of radium emana- 
tion. The velocities were measured by noting the de- 
flection produced by a strong magnetic field. The 
radius of curvature of the path described by the parti- 
cles in a magnetic field was, contrary to previous ob- 
servations, found to be uniform throughout. No mag- 
netic dispersion could be detected, so that it must be 
concluded that the masses of the particles are all the 
same.—H. Becquere!, Comptes Kendus, February 12, 
1906. 


ConsTITUTION OF CHLORINE.—R. Fabinyi describes 
some suggestive experiments with regard to the prop- 
erties of chlorine prepared from the same ingredients, 
but in different succession. In one experiment chlo- 
rine is prepared by adding sulphuric acid to a mixture 
of potassium perchromate and sodium chloride, and 
the chlorine so obtained is called variety I. In an- 
other experiment potassium perchromate is mixed with 
sulphuric acid, and sodium chloride solution is added 
drop by drop. The chlorine then obtained is called 
variety II. Both varieties were tested for all the 
usual impurities, and found to be free from them. Fit 
I was bright greenish-yellow, both by itself and in 
aqueous solution, whereas II was much darker, and in 
saturated solution had a dark green color. Another 
well-marked difference between the two varieties is ‘'e 
rate at which the aqueous solution is transformed into 
hydrochloric acid under the influence of light. Varic'y 
II is transformed more rapidly, the difference amoun'- 
ing to about 10 per cent with exposure to an Aver 
flame. The author suspects that the variation of mss 
action in the two experiments has some effect upon 
the intimate structure of the chlorine atom, and thit 
the latter may vary in stability in a manner suggest°d 


* Compiled by E. E. Fournier d’Albe in the Electrician, 
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py (© behavior of the radioactive bodies.—R. Fabinyi, 
phy: salisehe Zeitschrift. 

lo ZATION BY RONTGEN AND CaTHope Rays.—J. Her- 
weg Jas made a number of quantitative measurements 
jn o der to clear up doubtful points in connection with 
gas’ us ionization. One of these is as to whether the 
joni ation produced by Réntgen rays varies with the 
ten. crature, and another is as to whether it affects the 
sim: itaneous ionization produced by an incandescent 


me..i. The author answers both these questions in the 
nev.tive. The ionization is the same at all tempera- 
tui up to 400 deg. at all events, and the ionizations 
by .Ontgen rays and incandescent metals are simply 
su rposed. The author further made an attempt to 
de rmine the size of the ions, and was able to prove 
thet they are positive atoms and electrons. This proof 


was furnished by determining the action of a magnetic 
fic! upon the dependent current through a gas ionized 
by Réntgen rays. It was found that the field increased 
the current density. Theoretical considerations showed 
that this is due to the strong deflection of the ions, 
which, owing to their increased path, have increased 
opportunities of producing secondary ionization. These 
ious are free electrons. The author succeeded in mak- 
ing their cycloidal paths visible-—J. Herweg, Annalen 
der Physik, November 2, 1906. 


ELECTRICAL NOTES. 


Motor driving of factories proceeded for a number of 
years at only a moderate pace. The electrical com- 
panies worked for what they got and were often met 
with apathy or even determined opposition. It required 
a combination of two great improvements, directly af- 
fecting production, to bring about a change. These 
were the introduction of high-speed steel for cutting 
tools and the development of commercially practical 
variable-speed motors. With these came an apprecia- 
tion of the importance of the labor element in manu- 
facturing operations and certain carefully worked out 
systems for determining that and other elements of 
cost. 


Among the large electric stations in the region of 
Paris we may mention the important plant which has 
been installed in the eastern suburbs. It is known as 
the Alfortville station, and is intended to supply the 
different suburban localities which lie to the east of 
the city. The separate stations which were located in 
these regions have now been consolidated into a single 
large plant, and the current is carried to some distance. 
Operated by the Société de |’Est Lumiére, the station 
uses the three-phase alternating system with 5,000 
volts upon the main lines. The building is located on 
the banks of the Seine and is laid out to contain six 
main groups of 800 to 1,000 horse-power each. At pres- 
ent four of the groups have been installed. In the 
boiler room we find six batteries of two Roser tubular 
boilers having 300 square yards heating surface each. 
Two Green economizers are used, each having 288 
tubes. In the dynamo room are placed the engine and 
alternator groups. Engines of the Sulzer tandem com- 
pound type are employed here, rated at 800 horse-power 
each and working at 100 revolutions per minute. They 
can, however, be operated up to 1,000 horse power. 
Upon the shaft of the engine is mounted the revolving 
part of the alternator, which serves as a flywheel. 
These dynamos are built by the Alioth Company and 
will furnish 550 kilowatts. Around the periphery of 
the flywheel are mounted the field poles which are 
excited from smaller machines in the station. The 
Main or outer part of the alternator forms the arma- 
ture, after the usual way. Direct current for the fields 
of the alternators is furnished by two motor-dynamo 
groups each formed of a three-phase motor coupled di- 
rect to a continuous current dynamo. Six main feeder 
lines leave the plant and proceed to the substation lo- 
cated at lvry, Saint Mandé and Saint Maur, using two 
lines for each substation so as to have one line in re- 
Serve. In the substations are motor-dynamo groups 
which receive the line current at 5,000 volts and con- 
vert it to low-tension direct current for local use. 


A waterfall in the Alps, at the foot of Mt. Cenis, is 
how utilized to operate a hydraulic plant which fur- 
nishes current for the city of Turin. The new plant 
is an instance of the way in which the use of hydraulic 
power is increasing in the north of Italy. It develops 
a large amount of power, and is remarkable for the 
high tension, 30,000 volts, which is used on the over- 
head line running to Turin at a distance of about 40 
miles. One of the falls of the Cenischia torrent, which 
comes down on the Italian slope of the Alps, supplies 
tT > plant. The torrent is fed from glacier water com- 
ing from the different Alpine masses. A total head 
of water equal to 2,600 feet is obtained, with a flow of 
300 gallons per second, representing an output of 12,- 
000 horse-power. This will be increased to 16,000 horse- 
power by the hydraulic work upon the Mt. Cenis lake, 
and this is to be utilized as an immense reservoir so 
as to make the flow more regular as well as to in- 
crease it. To use the total power to the best advan- 
tage, the plans call for the erection of two separate 
hydraulic plants at different points on the stream. The 
lower plant is now finished, while the upper one will 
be erected at a later period when the current is needed 
at Turin. At present the station contains machines to 
the extent of 5,000 horse-power, and two others will be 
added, making some 8,000 horse-power. Each group 
Consists of a 1,600 horse-power Piccard & Pictet 
(Swiss) turbine coupled to an alternator of 1,400 kilo- 
Watts. The wheels run at 500 revolutions per minute 
with a net fall of 1,400 feet. Alternators of the Thom- 
Son-liouston make are used, yielding 3,000 volts, and 
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they are specially built for high speed. The shaft of 
the machines is horizontal. Two small turbine sets are 
used to give direct current for the alternator fields. As 
regards the overhead line running to Turin, this carries 
a tension, 30,000 volts, which is one of the highest yet 
used on the Continent. A set of large transformers 
in water-cooled tanks raises the tension to this point. 
The overhead line, which as above stated is nearly 40 
miles long, has been very carefully constructed and at 
a great expense. It ends at Turin in a station which 
contains an outfit of apparatus for lowering the tension 
so that it can be used upon the city mains. A large 
amount of current for lighting and power is thus ob- 
tained. ‘ 


SCIENCE NOTES. 

An important paper dealing with the results of an 
investigation of the mode of occurrence of radium in 
the earth’s crust has been communicated to the Royal 
Society by the Hon. R. J. Strutt. He concludes that: 
(1) Radium can easily be detected, in all igneous rocks. 
Granites, as a rule, contain most radium; basic rocks 
the least. (2) This distribution of radium is suf- 
ficiently uniform to enable a fair estimate to be 
made of the total quantity in each mile of depth of 
the crust. (3) The result indicates that the crust can- 
not be much more than 45 miles deep, for otherwise 
the outflow of heat would be greater than that actually 
observed. The interior must consist of totally different 
material. This result agrees with Prof. Milne’s con- 
clusion drawn from a study of the velocity of propaga- 
tion of earthquake shocks through the interior. (4) 
The moon probably consists for the most part of rock, 
and, if so, its internal temperature must be far greater 
than that of the earth. This explains the great develop- 
ment of volcanoes on the moon. (5) Iron meteorites 
contain little, if any, radium. Stony ones contain 
about as much as the terrestrial rocks which they re- 
semble. 

Various types of moving bands of light and shade 
have from time to time been seen at the instants of 
rising and setting of the sun, and to obtain measures 
of these, C. Rozet made special preparations. The re- 
sults of these experiments are described in Comptes 
Rendus. A white screen was arranged in a room so as 
to be normal to the sunlight as the sun rose from be- 
hind a hill. The bands observed were very distinct, 
generally straight, but at times undulated. From a 
tabulation of 75 observations, Rozet concludes that 
the orientation of the bands is constantly parallel to 
that part of the edge of the sun which is just visible, 
and also, that the direction of displacement of the 
bands is always perpendicular to their orientation, but 
may be either direct or retrograde. The velocity of 
displacement varies considerably from time to time, 
which appears to be in some relation to the wind 
velocity at the time. The greatest velocities observed 
were from 6 to 8 meters per second, and the least 
from one meter to 2 meters per second. The ordi- 
nary velocity is from 2 to 4 meters per second. They 
may be visible for 2 or 3 seconds after sunrise or be- 
fore sunset if the shadow is from a horizontal screen, 
but if a vertical edge, the duration may be 12 to 15 
seconds in such cases. The breadth is generally 3 to 
4 centimeters. 

The much-discussed N-rays have recently been inves- 
tigated by A. Turpain. His observations, although they 
form a valuable addition to the literature on the sub- 
ject, can hardly be said to determine the controversy. 
Turpain made a number of observations in order to de- 
tect the action of the N-rays upon a phosphorescent 
screen, using all the supposed sources of N-rays such 
as a Nernst lamp, a file, and af magnetic or Hertzian 
field. The affirmative results amounted to 80 per cent. 
On arranging the experiments in such a manner, how- 
ever, that the observer did not know whether the ac- 
tion of N-rays was to be expected or not, it was found 
that the affirmative results were reduced to 50 per cent, 
thus demonstrating that self-suggestion plays a most 
decisive part in observing them. So far as recent 
measurements made by Blondlot, Mascart, Gutton, and 
Virtz are concerned, he attributes the close coinci- 
dences obtained in measuring maxima of refraction to 
an unconscious muscular memory, and quotes figures to 
show that such coincidences can be obtained in similar 
experiments without N-rays. He asks whether it would 
not be possible to photograph the screens with and 
without N-rays, and goes into the various explana- 
tions advanced for the failure of such controls. Blond- 
lot tried to photograph a spark under the influence of 
the N-rays in order to obtain photographic evidence of 
the rays’ existence. Turpain points out that Reubens, 
with the same method, obtained a negative result. 

One of the two sciences originated by Galileo in the 
“Discorsi” is mechanics as the science of motion, espe- 
cially in its application to falling bodies and projec- 
tiles. The genius of Newton, of Huygens, of Leibniz, 
was soon to prove the correctness of Galileo’s prophetic 
insight in claiming for his speculations on motion the 
name of a new science. What Newton and his follow- 
ers in the eighteenth century did for mechanics is 
well known. By his careful formulation of the funda- 
mental postulates and definitions and by his bold as- 
sumption of the law of universal gravitation, Newton 
laid the lasting foundations for astronomical mechan- 
ics; and his fluxional calculus opened up for this 
science a wide range of development. The other of 
Galileo’s two new sciences deals with the internal 
structure of matter and the so-called resistance of ma- 
terials; it is the germ of the mechanics of deformable 
bodies. Progress along this line proved a far more 
difficult task. The seventeenth and eighteenth cen- 
turies contributed but little to the theory of elasticity. 


25611 


Indeed, a new mathematical tool, the theory of partial 
differential equations, had to be invented, and a phy- 
sical phenomenon hitherto neglected, vibratory and 
wave motions, had to attract the attention of mathe- 
maticians, before the mechanics of deformable bodies 
could become a true science. Besides, the conception 
of mechanics itself had to be broadened; and this was 
accomplished by Lagrange in his “Mécanique Analy- 
tique” (first edition 1788, second edition 1811-15). 


ENGINEERING NOTES. 

All methods of locomotive tube-expanding have been 
tried, and also much wider spacing, even up to and 
over 1 inch, without curing the trouble. The reduction 
of the depth of the fire-box, in order to get a long box 
sloping over the trailing-wheels of coupled engines, 
certainly increased the trouble from leakage of stays; 
but the alternative of a wide fire-box entails a much 
heavier engine for most of the types, and then appar- 
ently tube trouble is increased. The wide fire-box evi- 
dently requires a higher standard of skill in the fire- 
man, for unless the grate is kept well and evenly cov- 
ered, there is a tendency to have an excess of air, re- 
ducing efficiency and increasing tube trouble. With 
modern high pressures the temperature of evaporation 
is so much increased that the provision for circulation 
which was sufficient for the lower pressures formerly 
used is doubtless insufficient. Sollers in which tnis 
provision has been made have shown a very marked 
reduction in tube and stay troubles. 

In following up fuel consumption on the average 
railroad, particularly where the pooling system is in 
vogue, the need for an up-to-date method of determin- 
ing responsibility for the extravagant use of fuel is 
very apparent. Given proper weighing facilities, the 
problem presented is a systematic method for quickly 
determining at the end of each trip whether or not the 
coal used was in excess of the work performed, and, 
if so, the immediate placing of the responsibility, either 
with the crew or engine, as the case may warrant. An- 
other phase of the motive power problem is the sub- 
ject of organization. This subject has been referred to 
by former presidents, and while it is an old theme it 
presents increasingly difficult problems, if we would 
successfully cope with the progress of transportation. 
To obtain the best results in any organization, no one 
factor should be overtaxed. The progress of our rail- 
roads has been so great and the increase in business, 
while gradual, has been so persistent, that one is liable 
to awaken too late to the realization of having an or- 
ganization inadequate to the demands placed upon it. 


Gas engines must be kept in perfect condition to be 
efficient, and cleanliness is more than essential. It is 
absolutely necessary. Lubrication must not be neg- 
lected, and carelessness in these things will lead to 
great loss of efficiency of the engine as well as trouble 
for repairs. Special oil should be employed for lu- 
bricating the cylinder, and too much oil is as bad as 
too little. Perfect compression is essential for ef- 
ficiency, and therefore all parts of the engine cylin- 
der must be perfectly jointed. When necessary, the 
valves should be ground and they should be frequently 
inspected. To keep the governor sensitive it must be 
clean and well lubricated, and at times petroleum may 
be used. The water circulation must be watched close- 
ly, and if the cylinder is too cold, owing to the low 
temperature of the water circulating, there will be bad 
combustion of the explosive mixture. The higher the 
compression of the engine the lower should be the 
temperature of the water. Sometimes water will be 
found in the engine cylinder, and that’when electric 
ignition drops may cause short circuits; and it is, 
perhaps, an advantage to have a drain cock in the en- 
gine cylinder. Premature ignition is one of the most 
fruitful sources of trouble in a gas engine, and it 
may be due to the excessive heating of the internal 
part of the engine caused by overloading or bad cir- 
culation of gas. 

According to the experience as indicated by European 
practice for cleaning the gas generated by blast fur- 
naces, it may be assumed that all the gas for an 800- 
ton blast furnace plant is to be cleansed in Theisen gas 
washers of large capacity, to such an extent as not to 
contain more than about 0.5 gramme of dust per cubic 
meter. The gas for operating gas engines will be sub- 
jected to a further cleaning in Theisen gas washers, 
which will bring down the amount of dust contained 
in the gas to 0.03 gramme per cubic meter (correspond- 
ing to 0.0131 grain per cubic foot) or even less. Ex- 
perience shows that engines using clean gas are able 
to run six months and more continuously day and 
night without requiring cleaning internally. In order 
to clean 10,000 cubic feet of gas per hour to such a 
degree as to be suitable for hot blast stoves, Theisen 
gas washers require about 1.25 horse-power (actual 
test shows 1.15 horse-power). The power necessary 
for cleaning the whole quantity of 4,350,000 cubic feet 
of gas per hour will therefore amount to 550 brake 
horse-power. Thirty per cent of this clean gas goes 
to the stoves, leaving 70 per cent to pass through the 
second series of Theisen gas washers. Gas cleaned for 
gas engine purposes in Theisen gas washers requires 
about 1.5 brake horse-power for each 10,000 cubic feet 
of gas per hour (actual tests show only 1.3 brake horse- 
power). The power required for the second series of 
gas washers will therefore amount to 0.7 x 435 kK 15—= 
460 brake horse-power, and the total power required for 
gas washing purposes will be 1,010 brake horse-power. 
Gas engine dynamos will generate the necessary elec- 
tric current for operating the electric motors of the 
gas washers. With a combined efficiency of 85 per cent, 
the required capacity of the gas engine will be about 
1,200 brake horse-power, and at the rate of 100 cubic 
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feet of gas per hour, per brake horse-power, there 
will be required for gas cleaning purposes another 1,200 
=< 100 = 120,000 cubie feet of gas per hour. Figuring 
back on the tonnage of pig iron, it will be seen that the 
power required for gas cleaning purposes amounts to 
about 1.5 horse-power per ton of pig iron produced in 
twenty-four hours. This figure coincides very nicely 
with the figure given by W. Oswald, of Coblenz, which 
is 1.6 horse-power per ton of pig iron produced per 24 
hours. 


TRADE NOTES AND FORMULA. 

Burnt Alum.—Heat ordinary alum (alumina-alum) 
with constant stirring in an iron pan, in which it will 
first melt quietly and then commence to form blisters. 
Continue heating until a dry, white mass of a loose 
character remains, which is powdered and kept in well- 
closed glasses.—Dr. Josef Bersch, Chemisch-technisches 
Lexikon. 

New Method for Preparing Cantharidine.—The Ori- 
ental chemist, Puran Sing, proposes a new method by 
treating 25 grammes of pulverized cantharides with a 
mixture of 10 cubic centimeters of nitric acid and 200 
euble centimeters of water. It is evaporated to dry- 
ness on the water bath, a little gypsum being added 
before total desiccation. The dry mass is exhausted 
with chloroform, and the solvent is distilled. The 
ecantharidine then crystallizes from the oily residue. 
The oil is separated by washing with a small quantity 
of ether or alcohol. The purpose aimed at by the evap- 
oration of the pulverized flies with nitric acid is to 
oxidige the fatty matter, and thus increase its solu- 
bility and facilitate the separation of the crystals of 
cantharidine. 

Another method has been proposed by Nagai. Twen- 
ty-five grammes of cantharides, pulverized and acidified 
with hydrochloric acid, are exhausted by means of 
chloroform in the Soxhlet apparatus. The chloroformic 
residue, after distillation of the solvent, deposits the 
greater part of the cantharidine in crystals. The oil 
accompanying it is separated by washing with ether, 
the etherized solutions are evaporated, and the fatty 
substance contained is saponified with a little soda. 
The soap formed is then treated with a solution of 
alum, which dissolves the cantharidine drawn off by 
the fatty matter. By concentration of the alum solu- 
tion the cantharidine is separated, and is joined to the 
erystals of cantharidine separated from the chloroform 
solutions.—Revue de Chimie Industrielle. 

Bstimation of Manganese in Steels,—The Schneider 
process has been modified by M. Emile Jaboulay for 
the purpose of rendering it more precise. It is de- 
seribed in the Revue Générale de Chimie, Pure et Ap- 
pliquéee. One gramme of metal is subjected to the 
action of 20 cubic centimeters of-beiling afttice act? of 
density 1.20. When the dissolving is completed, 25 
cubic centimeters of the same acid are added for cool- 
ing and diluting. Bismuth tetroxide is introduced in 
slight excess in the warm liquor, which is agitated for 
a short time. [t is examined to see whether a little 
of the tetroxide remains at the bottom of the receiver; 
if not, a little is added; the whole is shaken over cal- 
cined asbesios, and the limpid and cold liquor is diluted 
to 100 cubic centimeters with cold water; oxygenated 
water is added in excess with a graduated burette until 
complete decoloration, and the volume thus employed 
noted. Oxygenated water of twelve volumes is made 
use of, diluted with twenty times its volume of water 
and titrated with potassium permanganate, 1.5 
grammes per liter. The excess of oxygenated water 
is also determined by means of the solution of per- 
Manganate, etc. The volume of oxygenated water 
used is obtained by difference, and knowing its strength 
in permanganate (of which the solution is titrated 
with iron and calculated in manganese) and the value 
of the permanganate in manganese, the percentage in 
manganese of the steel tested is deduced. 


Surgical Media trom Degreased Cotton. —Macerate 
ordinary cotton for ten minutes in benzol, press off 
the liquid, and dry the degreased cotton by exposure to 
air. This forms the basis for the following prepara- 
tions: 

1. Carbolic-Acid Cotton.—Saturate about 1,000 parts 
of degreased cotton with 2.51 of the following solution: 
Carbalic acid 100, rosin 400, castor oil 400, alcohol 
2,000; knead the cotton in the solution well and spread 
for one-half hour for drying. 

2. Antiseptic and Styptic Cotton—Same, with a so- 
lution of tannin 5, carbolic acid 4, aleohol 50, and cas- 
tor oil 8 parts. 

3. Styptic Cotton—Same, with alum 2 parts, water 
12, ferric chloride solution 2; the cotton is dried at 
60 deg. C. (140 deg. F.). 

4. Benzoic-Acid Cotton.—Same, with benzoic acid 5 
parts, castor oil 2 (or castor oi] 1 and rosin 1), alco- 
hol 250. 

5. Salicylic-Acid Cotton.—Same, with salicylic acid 
5, castor oil 1, rosin 1, and alcoho! 250 parts. 

6. Boracic-Acid Cotton.—Boracic acid 10 parts, water 
80, glycerin 10 in warm solution; dry at 60 deg. C. 
(140 deg. F.). 

7. Boro-Carbol Cotton.—Boracic acid 5, carbolic acid 
2, alcohol 5, water 80, and glycerin 10 parts. 

8. lodoform Cotton.—lodoform 2, ether 20, glycerin 
10 parts. 

9. Antiseptic Dressings.— Boiled linseed oil 10 parts, 
yellow wax 5, rosin (colophony) 10, melt together; add 
oil of turpentine 20 parts, and carbolic acid 2.5; into 
30 parts of this solution dip a piece of tarlatan about 
one-half yard long and 8 inches wide and squeeze out 
vigorousty. Keep in oiled silk or carbol paper.—Dr. 
Josef Bersch, Chemisch-technisches Lexikon. 
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